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THE  PREPARATION  OF  SODIUM  P  H  O  S  P  HOT  U  NG  ST  A  T  ES  FROM  TUNGSTIC 
ACID  AND  SODIUM  PHOSPHATES 


E.  A.  Nikitina  and  E,  V.  Buris 

According  to  the  literature  [1],  sodium  phosphotungstate  may  be  obtained  by  the  reaction  between  disodium 
hydrogen  phosphate  and  tungstic  acid.  The  conditions  for  carrying  out  the  reaction  have  not,  however,  been  studied. 

EXPERIMENTAL 

I,.  The  reaction  Na2HP04+  I2H2WO4  Na2H^P(W202)8]+  lOF^O  is  reversible,  and  our  aim  was  to  examine 
the  conditions  under  which  it  could  be  moved  further  to  the  right. 

The  tests  carried  out  confirmed  that  the  formation  of  the  heteropolyanion  [P(W207)6]'^^^  takes  place  only 
with  the  white  form  of  tungstic  acid,  obtained  at  room  temperature,  as  has  been  shown  earlier  by  E.  A.  Nikitina 
and  O.  N.  Sokolova  [2];  yellow  tungstic  acid,  precipitated  at  higher  temperature,  is  practically  incapable  of  form¬ 
ing  complexes  with  the  phosphoric  acid  residue. 

Temperature  is  an  important  factor  in  bringing  about  formation  of  the  complex.  It  has  been  established 
experimentally  that  the  optimum  temperature  is  50*.  At  60-80*  the  reverse  reaction,  i.e.  decomposition  of  the 
heteropolyanion,  predominates,  and  precipitation  of  tungstic  acid  in  the  unreactive  form  is  observed. 

The  yield  of  phosphotungstate  increases  considerably  if  a  2  —  3-fold  excess  of  tungstic  acid  is  used;  further 
increase  in  the  amount  of  H2WO4  in  excess  of  that  required  by  the  reaction  equation  has  no  effect,  since  the  yield 
is  not  increased  further. 

In  its  final  form  the  preparation  of  disodium  phosphotungstate  was  carried  out  as  follows:  200 g  of  sodium 
tungstate  was  dissolved  in  1  liter  of  water,  the  solution  was  filtered,  and  white  tungstic  acid  precipitated  from  it 
by  the  addition  of  100  ml  of  concentrated  nitric  acid  (tested  for  complete  precipitation).  Before  precipitating  the 
H2WO4  the  sodium  tungstate  solution  had  to  be  cooled  to  approximately  15*  (this  was  necessary  to  prevent  undesired 
heating  of  the  solution  during  the  addition  of  the  nitric  acid  and  the  consequent  formation  of  the  less  reactive  yel¬ 
low  form  of  H2WO4). 

The  tungstic  acid  obtained  was  washed  carefully  by  decantaticm  with  warm  water.  Washing  was  continued 
until  the  washings  were  free  from  NC^  ion  (tested  with  diphenylamine  and  sulphuric  acid).  The  amount  of  water 
used  was  approximately  3  liters.  The  washing  of  the  precipitate  was  carried  out  as  quickly  as  possible,  so  that  die 
time  taken  did  not  exceed  24  hours.  The  washed  tungstic  acid,  which  should  appear  as  a  pale  yellow  curdy  mass, 
was  carefully  pressed  out  and  used  immediately  for  the  synthesis.  The  yield  of  the  pressed  tungstic  acid  was  94% 
its  water  content  approximately  80%. 

500 g  of  tungstic  acid  containing  approximately  20%  of  the  monohydrate  was  placed  in  a  round -bottomed 
heat-resistant  glass  flask  of  2  liters  capacity;  7  g  of  Na2HP04*  12H2O  was  then  added,  followed  by  1.3  liters  of 
distilled  water.  The  reaction  mixture  was  heated  with  uninterrupted  mechanical  stirring  up  to  50*  over  a  period 
of  3  hours  and  afterwards  left  to  stand  for  15-20  hours.  The  formation  of  sodium  phosphotungstate  was  considered 
complete  when  a  sample  of  the  solution,  filtered  from  excess  tungstic  acid,  gave  no  precipitate  of  H2WO4  on 
addition  of  a  few  drops  of  hydrochloric  acid  (d  1,12).  The  sodium  phosphotungstate  solution  obtained  was  filtered 
from  the  excess  unused  tungstic  acid.  In  cases  where  colloidal  tungstic  acid  passed  through  the  filter,  a  thin  layer 
(0.5  cm)  of  washed  tungstic  acid  was  placed  on  it  and  filtration  carried  out  through  the  H2WO4  layer. 
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The  transparent  sodium  phosphotungstate  solution  obtained  (d  1.02-1.03,  volume  approximately  1  liter)  wa$ 
evaporated  on  a  water  bath  until  crystals  of  the  salt  appeared.  Evaporarion  may  also  be  carried  out  on  a  burner 
with  asbestos  gauze,  by  gently  boiling  the  solution  until  a  crystalline  salt  layer  appears  on  the  surface.  After  eva*- 
poration  the  solution  was  cooled  to  room  temperature,  the  precipitated  salt  crystals  filtered  off,  the  filtrates  from 
the  crystal  separation  collected  from  several  batches  and  again  evaporated.  The  salt  crystals  were  dried  in  air 
for  1.5-2  hours  or  in  a  drying  oven  at  50*  for  1/  2  hour.  The  yield  of  salt  in  the  first  fraction  was  60*7'^  on  treat¬ 
ment  of  the  filtrates  the  yield  was  raised  to  80-90%. 

The  analyses  of  salt  samples  carried  out  are  given  in  the  table  and  show  that  the  composition  of  the  salt 
varies  between  tlioscrfthe  di-  and  trisubstituted  salts  (Specimens  1-111). 

11.  The  reaction  between  tungstic  acid  and 
trisodium  phosphate  was  also  carried  out  to  obtain 
sodium  phosphotungstate.  The  preparation  condi¬ 
tions  for  the  starting  materials  were  analogous  to 
those  of  the  previous  experiment.  The  tungstic 
acid  was  used  in  200%  excess  of  the  theoretical 
amount,  the  trisodium  phosphate  in  the  theoretical 
amount,  according  to  the  equation  I2H2WO4  + 

+  NajP04  Na3H4[P(W202l6]+ lOHjO. 

Sodium  phosphotungstate  was  obtained  in 
60%  yield  from  the  first  fraction;  its  composition 
varied  between  those  of  the  tri-  and  tetra substituted 
salts.  The  analyses  results  of  samples  obtained  from 
trisodium  phosphate  are  also  given  in  the  table 
(Specimens  IV  and  V).  All  the  phosphotungstate 
specimens  obtained  were  free  from  SOJ,  Cl',  heavy 
metal  and  MoO'4’  impurities,  and  exceeded  the 
purity  requirements  demanded  for  chemically  pure 
specimens. 

The  advantage  of  the  method  described  is  that  the  prepared  specimens  do  not  require  to  be  recrystallized. 
The  salt  solutions  obtained  are  free  from  any  turbidity  arising  by  partial  hydrolysis  of  the  salt, 

SUMMARY 

1,.  A  metliod  for  preparing  sodium  phosphotungstates  from  tungstic  acid  and  di-  and  trisubstituted  sodium 
phosphates  has  been  worked  out. 

2.  The  yield  of  the  salts,  without  using  the  filtrates  from  the  first  fraction,  is  60%. 

3.  The  phosphotungstates  obtained  are  of  varied  composition.  Phosphotungstates  with  compositions  between 
those  of  the  di-  and  trisubstituted  salts  are  obtained  from  disodium  hydrogen  phosphate;  phosphotungstates  with 
compositions  between  those  of  the  tri-  and  tetrasubstituted  salts  are  obtained  from  trisodium  phosphate. 
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Analyses  of  Sodium  Pliosphotungstates 


Content  (%) 


P2O5  1 

1  Na,0  1 

1  WO, 

Calculated 

For  the  disubstituted  salt 

2.43 

2.19 

95.44 

For  the  trisubstituted  salt 

2,41 

3.15  1 

1  94,44 

For  the  tetrasubstituted  salt 

2.38 

4.16  ' 

‘  93.45 

Found 

Specimen  1 

2.47 

3.14 

94.39 

Specimen  11 

60  2.49 

2,22 

94.71 

Specimen  Ill 

2.46 

2.25 

95.28 

Specimen  IV 

2.42 

4.12 

93.45 

Specimen  V 

2.39 

3.55 

94.06 

The  analyses  were  carried  out  as  described  earlier  [31 
and  consisted  of  the  determination  of  H2O,  P2O5  and  Na20. 
The  tungstic  anhydride  was  obtained  by  difference. 
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A  STUDY  OF  THE  REDOX  PROPERTIES  OF  GERMANIUM  HE  T  E  RO  POL  Y  A  C I D  S 


Z.  F,  Shakhova  and  R.  K.  Motorkina 


The  heteropolyacids  of  molybdenum  and  tungsten  are  fairly  powerful  oxidizing  agents,  A  whole  series  of 
methods  of  determining  different  elements  (silicon,  germanium,  phosphorus,  arsenic,  etc.)  is  based  on  the  ability 
of  heteropolyacids  of  these  elements  to  be  reduced  to  heteropoly  "blues."  In  all  such  cases  the  conditions  of  forma¬ 
tion  are  chosen  so  that  only  the  heteropolycompounds  are  reduced  while  excess  molybdate  or  tungstate  remains 
unreduced. 

The  authors  of  the  proposed  methods,  without  making  a  special  study  of  the  question,  assert  that  molybdenum 
or  tungsten  combined  in  a  heteropolycomplex  are  reduced  more  readily  than  in  the  uncombined  state,  i.e,  have 
higher  redox  potentials, 

1.  Working  Method  and  Preparation  of  Solutions 

The  redox  potentials  of  different  heteropolyacids  of  germanium  were  determined  by  the  method  given  for 
the  determination  of  the  redox  potential  of  tungsten  [1],  The  total  amount  of  molybdenum  or  tungsten  in  the 
original  heteropolycompounds  was  determined  by  potentiometric  titration  with  a  O.IN  solution  of  chromous  sul¬ 
fate,  after  which  a  quantity  of  chromous  solution  equal  to  half  that  used  in  the  titration  was  added  to  another 
equal  portion  of  the  solution  and  the  potential  of  the  system  obtained  was  measured.  The  value  of  this  potential 
is  approximately  equal  to  E^,  since  under  these  conditions  the  concentration  of  oxidized  form  in  the  fcxmula 
RT  Toxl 

E  =  En  +  —  In - 7  is  equal  to  the  concentration  of  the  reduced  form  and  E  =  E*.  Divalent  chromium  was  chosen 

"  nF  [ red]  ^ 

as  oxidant  since  this  makes  it  possible  to  titrate  both  molybdenum  and  tungsten  in  similar  conditions,  i.e.  by  using 

divalent  chromium  a  comparative  picture  may  be  obtained  of  the  redox  properties  of  the  heteropolycompounds  of 

both  molybdenum  and  tungsten. 

The  measurements  were  made  using  a  P4  potentiometer.  A  platinum  electrode  was  used  as  indicating  elec¬ 
trode,  a  saturated  calomel  electrode  as  reference  electrode.  Titration  and  potential  measurement  were  carried 
out  in  a  current  of  carbon  dioxide  in  a  beaker  of  sb  ml  capacity  fitted  with  a  stopper  having  openings  for  a  stirrer, 
the  platinum  electrode,  a  salt  bridge  filled  with  saturated  KCl  solution,  and  tubes  for  entry  and  exit  of  the  carbon 
dioxide.  The  chromous  sulfate  was  prepared  by  the  method  given  by  A.  1.  Busev  [21  but  the  quantity  of  sulfuric 
acid  in  the  solution  was  increased  threefold,  since  reduction  of  the  chromium  is  not  complete  in  three  weeks  at 
the  H2SO4  concentration  recommended  by  the  author.  The  chromous  solution  was  standardized  potentiometrically 
under  the  following  conditions  with  a  standard  solution  of  potassium  dichromate  prepared  by  dissolving  1.1608  g 
of  dried  salt  in  250  ml  of  water  (0.09465  N  solution):  5  ml  4N  sulfuric  acid  and  10  ml  water  were  added  to  5  ml 
potassium  dichromate  solution,  the  solution  was  saturated  with  carbon  dioxide  for  20-30  minutes  and  titrated  with 
divalent  chromium  in  a  current  of  carbon  dioxide.  One  titration  curve  is  given  in  Figure  1. 

2.  Titration  of  Ammonium  Molybdate  Solution 

Before  proceeding  to  a  determination  of  the  redox  potentials  of  molybdenum  heteropolyacids,  we  deter¬ 
mined  the  redox  potentials  of  systems  in  which  the  molybdenum  is  not  bound  in  a  complex.  A  solution  of  2.03  g 
of  chemically  pure  ammonium  paramolybdate  in  100  ml  water  was  used  as  tlie  starting  solution.  The  M0O3 
content  in  the  solution  was  determined  by  precipitation  with  hydroxyquinoline, according  to  Berg  [3],  The  solution 
contained  16.59  mg  M0O3  in  1  ml.  The  titration  was  carried  out  by  die  metiiod  recommended  for  the  quantitative 
determination  of  molybdenum  [4]:  1 2.5  ml  concentr.atefJ  hydrochloric  acid  and  12.5  ml  water  were  added  to  2  ml 
ammonium  molybdate  solution,  the  solution  was  warmed  to  9)“  and  titrated  widi  CrS04  solution  in  a  current  of 
carbon  dioxide  at  90”. 
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TABLE  1 


*S 


Fig.  1.  Titration  of  KjCtjO;  with  CrS04  solution 
(Curve  1)  and  titration  of  Mo'^^  with  CrS04  solu¬ 
tion  (Curve  2  -  in  ammonium  molybdate.  Curve 
3  —  in  germanomolybdic  acid). 

jumps  on  the  change  from  Mo  (VI) 


Volume  of 
CrS04  solu¬ 
tion  (in  ml) 

Ej  (relative  to  the  hydrogen  electrode,  * 
in  V) 

at  90*  1 

at  22* 

+  0.648 

+  0.622 

1.59 

+  0.654 

+  0.622 

+  0.656 

+  0.630 

+  0.258 

+  0.243 

6.36 

+  0.263 

+  0.258 

+  0.266 

+  0.253 

*  The  measurements  were  carried  out  using  a  calomel 
electrode  which  remained  at  a  constant  temperature  (22*); 
the  potential  of  the  calomel  electrode  relative  to  the 
hydrogen  electrode  is  0.248  V. 

In  the  molybdenum  titration  the  initially  colorless 
solution  became  pale  green,  then  brown  and  finally  green 
without  passing  through  blue.  The  titration  curve  is  given 
in  Figure  1  (Curve  2). 


The  molybdate  titration  curves  with  divalent  chro¬ 
mium  have  two  inflections,  corresponding  to  the  potential 
to  Mo(V)  and  from  Mo(V)  to  Mo  (III): 


For  the  determination  of  the  redox  potentials  of  the  Mo'^Vmo'^  and  Mo^/Mo^^^  systems,  12.5  ml  water, 
12.5  ml  concentrated  hydrochloric  acid,  and  first  3.18/2  =  1.59  ml  and  secondly  a  further  6.36  +  3.18/2  =  4.77 
ml  of  CrS04  solution  (the  total  amount  of  solution  in  the  second  case  was  6.36  ml)  were  added  to  2  ml  ammonium 
molybdate  solution,  and  the  potentiak  measured.  The  results  obtained  are  given  in  Table  1. 

The  mean  value  of  Ej  for  the  system  Mo'^Vmo'^  at  90*  is  +0.651  V,  at  22*  +  0.623  V. 


3.  Titration  of  Germano  Molybdic  He  teropol  ya  ci  d  Acid  Solutio  n_ 

The  titration  of  germanomolybdic  acid  was  carried  out  under  the  same  conditions  as  the  molybdate  titra¬ 
tion.  The  titration  curve  is  given  in  Figure  1  (Curve  3). 

In  diis  case,  as  in  die  molybdate  titration,  no  "blue"  formation  took  place.  The  heteropolycompound  is 
evidently  broken  down,  since  GeCl4  is  evolved  on  warming  with  hydrochloric  acid. 

In  the  germanomolybdic  acid  titration  at  22*  the  potential  of  the  system  changes  suddenly  at  the  beginning 
of  the  titration;  on  adding  the  first  portion  of  CrS04  solution  molybdenum  blue  appears.  On  further  addition  of  the 
reductant  the  molybdenum  is  reduced,  while  the  heteropolycompound  is  evidently  broken  down  as  soon  as  the  blue 
color  of  the  solution  disappears.  When  die  amount  of  hydrochloric  acid  added  for  the  titration  is  reduced,  the  po¬ 
tential  jumps  become  less  pronounced. 

The  results  obtained  in  the  determination  of  the  redox  potentials  of  germanomolybdic  acid  by  the  method 
described  above  are  given  in  Table  2. 

It  can  be  seen  from  the  results  obtained  that  the  potentials  measured  are  considerably  lower  than  the  po¬ 
tentials  of  molybdenum  which  is  not  bound  in  a  complex  (0.623  V;  see  Table  1).  This  method  oPdetermining 
redox  potentials  is  evidently  inapplicable  to  molybdenum  heteropolyacids.  The  heteropolyanion  apparently  re¬ 
mains  intact  only  so  long  as  reduction  does  not  proceed  beyond  the  stage  of  blue  fonnation,  i.e.  when  only  a  part 
of  the  molybdenum  is  reduced  to  the  pentavalent  state,  all  the  remaining  molybdenum  is  hexavalent,  but  on 
further  reduction  of  the  molybdenum  the  heteropolyanion  is  broken  down.  Since  the  formation  of  the  blue  color 
is  also  a  qualitative  characteristic  of  the  heteropolyanion  reduction,  it  was  decided  to  determine  the  potential  of 
the  germanomolybdic  acid  —  germanomolybdenum  blue  system. 
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TABLE  2 


TABLE  3 


Eq  (relative  to  the  hydrogen  electrode. 
In  V) 

at  90* 

at  22* 

r 

- 

+  0.547 

1.68 

+  0.634 

+  0.551 

1 

+  0.647 

+  0.553 

r 

+  0.250 

+  0.160 

6.70  < 

+  0.254 

+  0.157 

1 

- 

+  0.161 

System 

Ej  (relative  to  the  hydrogen 
electrode,  in  V) 

MoVI/Mo^  / 

+  0.536 

1 

+  0.534 

f 

+  0.240 

MoV/Mo»I  i 

+  0.229 

L 

+  0.229 

Synthesis  of  the  germanomolybdenum  blue  was 
carried  out  by  the  following  method;  50  ml  of  5*7^ 

Mohr’s  salt  (ferrous  ammonium  sulfate),  30-40  ml  of  ethyl  ether  and  18-20  ml  of  1:  1  sulphuric  acid  in  portions 
of  5-6  ml  were  added  to  a  separating  funnel  containing  10  ml  of  germanomolybdic  acid  solution  synthesized  by 
the  ether  method  and  containing  1.0  mg  GeOj  in  1  ml.  The  blue  was  extracted  with  ether  for  1-2  minutes,  the 
ether  layer  separated  and  the  aqueous  layer  containing  excess  reductant  rejected.  The  ether  extract  was  again 
placed  in  the  separating  funnel,  50  ml  of  water  was  added  and  extraction  renewed  for  1-2  minutes  without  acidi¬ 
fication.  The  ether  layer  was  decolorized  and  the  blue  passed  into  the  aqueous  layer  which  was  diluted  to  100 
ml  and  used  as  the  original  solution  for  the  measurements. 


Determination  of  the  Mo'^;(Mo'^^  +  Mo'^)  ratio  was  carried  out  by  the  following  method;  first,,  the  ger¬ 
manomolybdenum  blue  solution  was  titrated  with  potassium  dichromate  solution  to  the  potential  jump  and  a 
slight  excess  of  dichromate  added;  the  solution  obtained  was  then  titrated  with  standard  CrS04  solution,  with 
which  three  potential  jumps  were  observed;  the  first  on  reducing  the  excess  dichromate,  the  second  after  reduction 


of  all  the  Mo'^^  to  Mo^  and  the  third  when  all  the  molybdenum  had  been  reduced  to  Mo^^.  The  titration  with 
CrSO^  solution  gave  the  total  amount  of  molybdenum  in  the  blue  while  the  preliminary  titration  with  potassium 
dichromate  gave  the  amount  of  molybdenum  reduced  to  the  pentavalent  state,  and  the  ratio  Mo'^:  (Mo'^^+Mo  ) 
in  the  blue  was  calculated.  Afterwards  the  potential  of  germanomolybdic  acid,  to  which  had  been  added  an 
amount  of  CrS04  equal  to  half  that  required  for  complete  formation  of  the  blue  in  the  quantity  of  germanomolybdic 
acid  taken,  was  measured.  The  potential  obtained  is  then  the  redox  potential  of  the  germanomolybdic  acid  — 
germanomolybdenum  blue  system. 


The  results  of  the  determination  of  pentavalent  and  of  total  molybdenum  in  20  ml  of  germanomolybdenum 
blue  are  given  in  Table  4. 


TABLE  4 


Mo'^  found 
(millimoles) 

Total  Mo  content 
(millimoles) 

Ratio 

MoV :  (Mo'^^  + 
V 

+  Mo'^) 

0.068 

0.270 

1:4 

0.071 

0.270 

1:3.8 

0.068 

0.272 

1:4 

0.077 

0.271 

1:3.5 

TABLE  6 


Series 

Eq  (relative  to  the  hydrogen  elec¬ 
trode,  in  V) 

+  0.038 
+  0.025 

I 

+  0.024 
+  0.027 

1 

+  0.062 

11  ^ 

j 

+  0.052 
+  0.052 
+  0.045 

TABLE  5 


Total  H2SO4 
concentration 

(N) 

Eq  (relative  to  the  hydrogen  electrode, 
in  V) 

Series  1 

Series  II 

0.0 

+  0.558 

+  0.548 

0.2 

+  0.595 

+  0.605 

0.5 

+  0.593 

- 

1.0 

+  0.600 

+  0.637 

2.0 

+  0.611 

- 

5.0 

+  0.636 

+  0.676 

10,0 

+  0.703 

- 

20.0 

+  0.801 

+  0.748 

35.0 

1  +0.786 

- 

The  following  conclusions  may  be  reached  from 
the  results  obtained;  1)  on  reduction  of  germanomolyb  - 
die  acid,  not  all  of  il.e  molybdenum  in  the  com¬ 
plex  is  reduced,  but  only  ~  1/  4  of  it;  2)  the  reduced 
molybdenum  is  pentavalent  and  not  lower,  since  Mo^V 
and  can  only  be  formed  after  all  the  molybdenum 

is  reduced  to  the  pentavalent  state;  3)  the  heteropoly- 
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complex  apparently  exists  only  so  long  as  the  bine  exists  and  breaks  down  on  fnrtlier  reduction. 

To  determine  tiie  redox  potential  of  tlie  gerinanoinolybdic  acid  -  germanoinolybdeniim  blue  system  ,0.42 
ml  of  CrS()4  solution  (the  amount  necessary  to  form  the  blue  in  half  of  the  heteropolyacid  taken)  and  varying 
amounts  of  1;  1  sulfuric  acid  were  added  to  2  ml  of  the  original  germanomolybdic  acid  solution  and  the  poten¬ 
tial  of  the  systems  obtained  was  measured  (first  series  of  tests). 

To  check  the  results  obtained,  the  potentials  of  systems  formed  by  mixing  equimolecular  amounts  of  ger¬ 
manomolybdic  acid  and  the  synthesized  germanomolybdenum  blue  in  the  presence  of  varying  amounts  of  sulfuric 
acid  (without  addition  of  CrS04)  were  measured  (second  series  of  tests). 

All  the  results  are  given  in  Table  5. 

From  the  data  in  Table  5  it  is  seen  that  the  potential  of  the  germanomolybdic  acid  —  blue  system  with 
mineral  acid  present  in  the  solution  considerably  exceeds  the  potential  of  the  Mo'^Vmo'^  system  for  molybdenum 
not  bound  in  a  complex;  the  difference  in  the  potential  values  is  greater  the  higher  the  concentration  of  mineral 
acid.  This  conclusion  agrees  with  experimental  data  from  the  use  of  heteropoly  "bluesT  in  analysis. 

4,  Titration  of  Sodium  Tungstate  Solution 

The  redox  potentials  of  the  W^Vw^  system  from  sodium  paratungstate  and  normal  sodium  tungstate  were 
measured.  The  tungsten  titration  was  carried  out  by  the  method  proposed  for  the  potentiometric  determination 
of  tungsten  [5];  measured  amounts  of  sodium  paratungstate  or  tungstate  in  5  ml  solution  were  poured  into  25  ml 
of  concentrated  hydrochloric  acid  and  the  solution  titrated  potentiometrically  with  standard  CrS04  solution.  The 
tungsten  content  in  the  tungstate  solution  was  previously  determined  as  WOj  according  to  [6],  A  distinct  potential 
jump  was  obtained  with  quantities  of  WO3  greater  than  50  mg;  a  solution  containing  15.66  mg  WO3  in  1  ml  was 
therefore  used  for  the  redox  potential  determination,  and  5  ml  of  this  solution  (78.30  mg  WO3)  was  taken  for  each 
titration.  The  titration  curve  is  given  in  Figure  2  (Curve  1). 

For  the  determination  of  E^,  2.33  ml  of  CrS04  solution 
was  added  to  a  mixture  of  25  ml  of  concentrated  hydro¬ 
chloric  acid  and  5  ml  sodium  tungstate  solution  and  the 
potential  of  the  system  measured  after  a  definite  time 
interval,  Ej  became  steady  in  15  minutes  and  gave  a 
mean  value  of  +  0.206  V.  All  measurements  were  made  at 
room  temperature  (22*)  without  thermostat, 

5.  Titration  of  Ger  m  a  no  tu  ngs  ta  te  Hetero¬ 
polyacid  Solution 

In  the  titration  of  germanotungstic  acid  with  CrS04 
solution,  the  potential  falls  very  rapidly  with  the  first  drops 
of  CrS04,  tungsten  blue  is  formed,  and  no  potential  jump 
is  observed  atthe  equivalence  point  (Curve  2,  Figure  2). 

It  is  apparent  that  as  a  result  of  the  stability  of  the 
hexavalent  tungsten  heteropolycomplex  and  the  somewhat 
lower  stability  of  the  partly  reduced  complex,  a  definite 
concentration  of  W^,  much  higher  than  the  concentration 
of  W^I  present  in  the  solution  as  a  result  of  the  hetero¬ 
polyanion  dissociation,  is  formed  in  the  titration  by  the 
very  first  drops  of  CrS04,  the  ratio  [W'^]  is  almost 

zero,  and  the  actual  potential  measured  is  that  of  the  system  Cr^V Cr^II.  In  subsequent  work,  therefore,  before 
determining  the  total  amount  of  tungsten  in  an  aliquot  part  of  the  germanotungstic  acid,  die  complex  was  broken 
down  by  warming  with  alkali,  while  the  redox  potential  was  measured  in  the  undecomposed  heteropolyacid. 

The  titration  curve  is  given  in  Figure  2  (Curve  3).  The  first  part  of  the  curve  resembles  the  titration  curve 
of  the  undecomposed  heteropolyacid.  A  small  amount  of  the  latter  is  evidently  reformed  on  acidifying  the  solu¬ 
tion.  The  total  amount  of  tungsten  may  be  determined  in  this  case;  the  potential  jump  is  sufficiently  distinct, 
although  its  absolute  value  is  less  than  in  the  absence  of  germanium. 


*£ 


Fig.  2.  titration  curves  with  CrS04  solution. 
1)  In  sodium  tungstate,  2)  in  undecomposed  ger¬ 
manotungstic  acid.  3)  in  germanotungstic  acid 
decomposed  by  warming  with  alkali. 


I 


2972 


For  the  determination  of  the  redox  potential  of 
gennanotungstic  acid,  50  ml  concentrated  hydrochloric 
acid  and  1.41  ml  CrS04  solution  were  added  to  5  ml  of  the 
original  heteropolyacid  solution  and  the  potential  of  the 
system  obtained  was  measured  (test  Series  1).  As  a  check 
(in  test  Series  II),  2.82  ml  of  CrS04  solution  and  25  ml  of 
concentrated  hydrochloric  acid  were  added  to  5  ml  of 
gerrnanotungstic  acid  and  the  solution  mixed  with  another 
solution  containing  an  amount  of  Cr^H  equivalent  to  2.82 
ml  CrS04,  5  ml  of  gerrnanotungstic  acid  and  25  ml  of 
concentrated  hydrochloric  acid.  The  necessary  amount 
of  Cr^^^  solution  was  prepared  by  oxidizing  an  equal  vol¬ 
ume  of  CrS04  by  heating  in  air.  No  blue  color  should  be 
obtained  on  mixing  the  solutions  of  the  trivalent  chro¬ 
mium  prepared  and  the  gerrnanotungstic  acid.  The  results 
obtained  in  test  Series  I  and  II  are  given  in  Table  6.  |i 

The  values  obtained  for  the  redox  potential  of  the 
W^VwV  system  with  gerrnanotungstic  acid  are  consider¬ 
ably  lower  than  the  potential  of  the  system  where 

wvi  is  not  bound  in  a  complex.  The  heteropolyanion 
apparently  holds  the  so  firmly  that  its  concentration 
in  the  solution  is  infinitely  small,  while  the  concentration 
of  is  measurable,  the  ratio  [W'^]  is  almost  zero, 

<md  the  actual  potential  measured  is  that  of  the  Crlff/Cr^ 
system.  The  method  described  is  evidently  inapplicable 
to  the  determination  of  the  redox  potentials  of  tungsten 
heteropolyacids. 

In  an  attempt  to  determine  the  potential  of  the 
gerrnanotungstic  acid  —  germanotungsten  blue  system  it 
was  found  impossible  to  obtain  the  germanotungsten  blue 
by  ether  extraction  of  the  reduced  heteropolyacid,  since 
it  is  apparently  oxidized  or  broken  up  in  the  extraction,  in  contrast  to  germanomolybdenum  blue  (the  color  of  the 
aqueous  solution  after  extraction  was  pale  green). 

The  shape  of  the  titration  curves  for  gerrnanotungstic  acid  with  CrS04  solution  also  points  to  the  very  low 
stability  of  the  reduced  tungsten  complex:  the  potential  value  would  not  fall  so  rapidly  if  the  reduced  tungsten 
was  bound  in  a  complex  of  stability  comparable  with  that  of  the  original  heteropolycomplex. 

It  was  established  by  qualitative  tests  that  germanotungsten  blue  is  more  stable  and  more  intensely  colored 
in  the  absence  of  a  large  excess  of  sulfuric  acid.  Since,  on  the  other  hand,  germanotungsten  blue  is  only  stable 
in  the  presence  of  excess  reducing  agent  (as  indicated  by  the  impossibility  of  extracting  it  with  ether),  it  was  con¬ 
sidered  expedient  to  check  whether  a  mixture  of  germanotungsten  blue  and  excess  divalent  chromium  would  react 
stepwise  during  titration  with  potassium  dichromate.  It  turned  out,  however,  that  the  gerrnanotungstic  blue  and 
the  divalent  chromium  reacted  simultaneously  during  titration  without  giving  separate  potential  jumps.  On  add¬ 
ing  excess  CrS04  to  a  solution  already  oxidized  with  dichromate,  the  color  became  dark  blue  again,  passing  through 
green,  evidently  at  the  point  when  the  excess  dichromate  had  been  reduced.  Formation  of  the  blue  on  reduction 
provides  evidence  that  the  heteropolyanion  is  not  broken  down  by  the  processes  described,  since  on  addition  of 
CrS04  to  sodium  tungstate  or  gerrnanotungstic  acid  no  blue  is  formed  (cf.  titration  conditions  for  tungsten  in  hetero¬ 
polyacid).  The  use  of  a  more  precise  method  of  determining  equivalence  points  (for  example,  amperometric  titra¬ 
tion)  will  possibly  enable  the  composition  of  gerrnanotungstic  acid  to  be  determined. 

6,  Redox  Potentials  of  Ger  m  a  no  va  na  domol  yb  d  i  c  and  G  er  m  a  no  va  nadot  u_n  g  s  tic  Hetero- 
polyacids 

Before  proceeding  to  examine  the  results  from  the  potentiometric  titration  of  germanium  heteropolyacids 


Fig.  3,  Titration  of  NH4VO3  with  CrS04  solution 
(Curve  1)  and  titration  of  vanadium-containing 
germanium  heteropolyacids  with  CrS04  solution. 

2)  Germanomolybdic,  3)  undecomposed  germano- 
vanadotungstic,  4)  germanovanadotungstic  decom¬ 
posed  by  boiling  with  alkali. 
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containing  vanadium  with  CrvS04  solution,  we  give  the  titration  curve  of  ammonium  vanadate  with  chromous  sul¬ 
fate  solution.  10  ml  0.01935 N  ammonium  vanadate  solution  and  15  ml  concentrated  hydrochloric  acid  were  taken 
for  the  titration,  which  was  carried  out  in  a  carbon  dioxide  atmosphere  (titration  Curve  1  in  Figure  3).  It  can  be 
seen  from  the  titration  curve  that  is  reduced  by  CrS04  solution  to  giving  two  distinct  potential  jumps  on 
reduction  of  to  and  to  V^I.  The  titration  was  carried  out  in  the  presence  of  hydrochloric  acid,  since 
molybdenum  and  tungsten  were  titrated  under  these  conditions. 

A.  Titration  of  germanovanadomolybdtc  heteropolyacid.  The  titration  of  germanovanadomolybdic  acid 
was  carried  out  under  the  same  conditions  as  the  high  temperature  titration  of  gcrmanomolybdic  acid. 

Titration  was  started  immediately  after  the  solution  was  decolorized,  although  the  initial  potential  had  not 
then  been  stabilized  (evidently  as  a  result  of  the  very  slow  reduction  of  vanadium  by  hydrochloric  acid).  The 
titration  curve  is  given  in  Figure  3  (Curve  2), 

The  titration  curve  of  germanovanadomolybdic  acid  has  three  distinct  potential  jumps  —  at  the  equivalence 
points  V^/  Mo'^V  Mo'^,  Moi^/  Mo^^.  The  jump  corresponding  to  the  equivalence  point  V^'^/  coincides 
with  the  jump  MoVI/  MoV, 

Since  germanovanadomolybdic  acid  contains  the  powerful  oxidant  pentavalent  vanadium,  it  is  reduced 
much  more  readily  than  germanomolybdic  (for  example  in  the  synthesis  process),  and  changes  color  from  orange- 
red  to  pale  blue  even  on  the  addition  of  a  quantity  of  reducing  agent  sufficient  to  reduce  only  vanadium  in  die 
anion  without  reducing  molybdenum.  Its  redox  potential  should  obviously  be  determined  first  of  all  in  the  pre¬ 
sence  of  vanadium,  and  not  molybdenum,  whose  redox  potential  is  equal  to  that  of  germanomolybdic  acid. 

For  the  determination  of  the  redox  potentials  of  germanovanadomolybdic  acid,  varying  amounts  of  concen¬ 
trated  hydrochloric  acid  and  CrS04  solution  (the  quantities  of  CrS04  solution  were  calculated  as  half  of  those 
necessary  for  the  reductions  to  Mo^I  to  Mo'^,  MoV  to  Mofll)  were  added  to  2  ml  of  the  original  acid 
solution,  and  the  potential  of  the  systems  obtained  was  measured  at  room  temperature  and  after  heating  to  90* 
in  a  current  of  carbon  dioxide.  The  potential  values  obtained  are  given  hi  Table  7. 


TABLE  7  TABLE  8 

_  _  i 


Concentration 

Volume  of 

Tempera-  I 

Eq  (relative  to 

Volume  of  CrS04 

Ej  (relative  to  the  hydrogen  , 

of  HCl  in 

CrS04  solu- 

ture  j 

the  hydrogen 

solution  (in  ml) 

electrode,  in  V)  ' 

solution  (N) 

tion  (in  ml) 

electrode,  inV) 

0.12 

+  0.879  j 

6 

0.16 

90* 

+  0.898 

0.12 

+  0.888 

6 

0.16 

90 

+  0.902 

1.04 

+  0.236 

6 

1.40 

90 

+  0.613 

1.04 

+  0.238 

6 

1.40 

90 

+  0.618 

6 

3.74 

90 

+  0.260 

It  follows  from  the  results  obtained  that 

6 

3.74 

90 

+  0.260 

germanovanadomolybdic  acid  is  a  much  more 

6 

0.16 

22 

+  1.030 

powerful  oxidizing  agent  than  germanomolybdic 

6 

0.16 

22 

+  1.043 

acid.  Its  potential  after  reduction  of  half  the 

6 

1.40 

22 

+  0.554 

vanadium  content  is  +  1.036  V. 

6 

1.40 

22 

+  0.568 

6 

3  74 

22 

+  0  234 

Germanovanadomolybdenum  blue  is 

6 

3.74 

22 

+  0.230 

much  less  stable  in  air  than  germa nomolybdenum 

0 

0.16 

22 

+  0.801 

blue,  so  that  the  potential  of  the  germanovana- 

0 

1.40 

22 

+  0.358 

domolybdtc  acid- 

blue  system  was  not  deter- 

0 

3.74 

22 

+  0.103 

mined;  it  can  hardly  have  any  practical  signi- 

ficance  in  analytical  chemistry.  The  lower 

stability  of  the  blue  may/ be  due  to  the  fact 

that  reduction  of  part  of  the  molybdenum  to  Mo'^  (as  is  necessary  for  formation  of  the  blue)  is  accompanied  by 
reduction  of  the  vanadium  to  which  is  unstable  in  air  and  immediately  begins  to  be  reoxidized,  catalytically 
accelerating  the  oxidation  of  molybdenum.  On  the  other  hand,  in  germanovanadomolybdic  acid  the  molybdenum 
is  isomorphously  replaced  by  the  vanadium,  which  occupies  the  place  alloted  to  the  former  in  the  diree-dimension- 
al  structure.  On  reduction,  the  ionic  radius  of  part  of  the  molybdenum  ions  is  increased  while  the  ionic  radius  of 
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both  vaiindiiiiii  ions  is  increased  to  a  much  greater  extent;  It  is  possible  that  these  changes  in  ionic  radii  cannot 
be  accommodated  within  the  framework  of  tlie  stmctnre  and  the  compound  breaks  down. 

B.  Titration  of  gcrmanovanadotungstic  hcteropolyacid.  In  the  titration  of  1  ml  of  gcrmanovanadotungstic 
acid  in  the  presence  of  25  ml  of  concentrated  hydrochloric  acid  with  CrSO^  solution,  it  was  found  that  a  blue  was 
formed  at  the  start  of  the  titration,  as  in  the  direct  titration  of  germanotungstic  acid,  and  the  titration  result  is 
complicated  by  this  circumstance  (the  ratio  of  the  volumes  of  CrSO^  solution  used  in  tlic  reduction  of  vanadium 
and  molybdenum  docs  not  correspond  to  their  actual  concentrations,  the  potential  jumps  are  indistinct).  The 
titration  Curve  .‘1  is  given  in  Figure  3.  In  subsequent  experiments  therefore  the  heteropolyacid  was  broken  down 
by  heating  with  200  mg  of  solid  caustic  soda  for  30  minutes,  before  titrating  with  CrS04  solution.  The  titration 
curve  is  given  in  Figure  3. 


TABLE  9 


wVl 

MoVI 

Ge-Mo 

Ge-V-Mo  acid/ 

Ge-V-W  acid/ 

WV 

MoV 

acid/ 

/reduced  form 

/reduced  fexm 

from  Ge-W 

without 

from  Ge-Mo 

/  blue 

acid 

complex 

acid 

+  0.208 

+  0.040 

+  0.625 

+  0.540 

+  0.7  03 

+  1.036 

1 

+  0.833 

As  the  titration  results  show,  and  react  separately,  giving  two  distinct  potential  jumps  at  the  equi¬ 
valence  points  v'^/ VIV  and  W^Vw^;  the  second  vanadium  jump  (V^'^/V^I)  coincides  with  the  w'^Vw'^jump. 

For  the  determination  of  the  redox  potentials  of  gcrmanovanadotungstic  acid,  25  ml  of  concentrated  hydro¬ 
chloric  acid  and  different  amounts  of  CrSO^  solution  (half  the  amounts  required  for  titration  to  the  jumps 
and  wVI/wV)  were  added  to  1  ml  of  undecomposed  heteropoly  acid  and  the  potentials  of  the  systems  obtained 
were  measured  at  room  temperature  (Table  8). 

From  this,  the  redox  potential  of  germanovanadotungstic  acid  in  the  presence  of  epne.  HCl  at  room  tempera** 
ture  may  be  taken  as  +  0.883  V.  This  potential  is  evidently  a  property  of  the  complex  itself  and  is  not  due  to  the 
presence  of  pentavalent  vanadium  in  the  solution,  otherwise  the  potentials  of  germanovanadomolybdic  and  ger¬ 
manovanadotungstic  acids  would  be  identical. 

The  values  of  the  w'^VwV  potentials  in  germanovanadotungstic  acid  (+0.238  V)  are  close  to  the  values  in 
sodium  tungstate  (+0.206  V);  as  a  result,  the  complex  breaks  down  on  further  reduction. 

The  values  of  the  redox  potentials  obtained  for  the  systems  studied  are  given  in  Table  9. 

The  following  data  on  redox  potential  values  for  the  Mo'^VmqV  and  W^I/wV  systems  are  given  in  the 
literature;  Collenberg  and  Guthe  [7]  calculated  that  EfvyVI/wV  =  +  0.261  V.  The  same  value  was  also  obtained 
experimentally  by  Yu.  A.  Chernikhov  and  V.  G.  Goryushina  [1].  El-Shamy  and  Tourky  [8]  found  for  the  Mo VI/ 

/  MoV  system  in  8NHC1  Ef  =  +  0.470  V.  El-Shamy  and  El-Aggan  [9]  give  the  value  +  0.4825  V  for  EqMoVI/MoV, 

Tourky,  Issa  and  Amin,  in  a  study  of  the  possibility  of  using  pentavalent  tungsten  in  analysis,  give  the  fol¬ 
lowing  values  for  Efv\/VI/wV: 


Concentration  of  HCl  in  the  solution  (N) 

10.5 

10.5 

9.0 

8.0 

7.0 

Pnvvi/wv 

0.247 

0.216 

0.155 

0.108 

0.065 

The  individual  discrepancies  between  the  data  obtained  by  us  and  those  given  in  the  literature  may  be  ex' 
plained  by  differences  in  experimental  conditions  and  different  accuracy  in  measurement. 
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SUMMARY 


1.  TIk‘  redox  potentials  of  Pingsten  and  niolybdemiiii  aa*  lowered  in  heteropolycoinpoiuids,  as  is  general 
in  complex  formation. 

2.  High  redox  potential  is  a  property  not  of  Mo'^^  or  bound  in  tlie  complex,  but  of  the  whole  complex 
hctcropolyanion,  which  on  reduction  gives  a  blue  colored  hetcropolyanion  containing  a  definite  amount  of  molyb¬ 
denum  or  tungsten  reduced  to  the  penta valent  state. 

3.  In  studying  die  redox  potentials  of  all  the  heteropolycompounds  it  is  necessary  first  of  all  to  examine 
the  redox  potentials  of  the  heteropolyacid-heteropoly  blue  systems. 

4.  The  introduction  of  vanadium  into  the  molecules  of  the  heteropolycompounds  raises  considerably  the 
redox  potentials  of  the  latter. 

5.  A  more  detailed  study  of  the  redox  properties  of  heteropolycornpounds  may  widen  the  field  of  their 
use  as  redox  indicators  in  analysis. 
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THE  INTERACTION  OF  SOME  LITHIUM  AND  CADMIUM 


SALTS  IN  THE  ABSENCE  OF  SOLVENT 
D.  S.  Lesnykh,  A.  G.  Bergman  and  N.  G.  Bukun 


The  influence  of  the  nature  of  cations  on  the  mutual  solubility  of  melt  components,  with  reference  to  elec¬ 
tronic  structure  and  polarizability  in  the  light  of  the  position  of  the  elements  in  the  periodic  system  of  D.  I. 
Mendeleev,  has  been  pointed  out  earlier  [1]. 

To  clarify  the  influence  of  the  nature  of  certain  anions  on  the  mutual  solubility  of  the  components  and  the 
displacement  of  equilibrium  in  melts,  we  made  a  study  of  the  reciprocal  system  from  lithium  and  cadmium  chlo¬ 
rides  and  molybdates,  and  also  of  the  diagonal  sections  of  the  reciprocal  systems  from  the  chlorides  and  orthovana 
dates,  and  from  the  chlorides  and  tungstates  of  lithium  and  cadmium.  The  examination  was  made  by  the  visual- 
poly  me  trie  method. 

Diagonal  Sections  of  the  Li,  Cd  ||  Cl,  MoO^  s ys tern 

As  a  result  of  the  reversibly-reciprocal  character  of  the  system  tliere  are  branches  corresponding  to  exchange 
products  on  the  fusion  diagrams  of  both  diagonal  sections  (Figure  3).  Thus  the  fusion  curve  for  the  sectionCdClj  — 
-Li2Mo04  consists  of  three  crystallization  branches:  CdCl2,  CdMo04  (exchange  product)  and  Li2Mo04,  intersecting 
respectively  at  523*  and  8‘7^492*  and  38.5%  lithium  molybdate,  while  the  fusion  curve  Li2Cl2-CdMo04  consists 
of  five  branches:  a, 8  -LiCL  8,  a-Li2Mo04  (exchange  product)  and  CdMoO*  inteisecting  respectively  at  562*  and 
12.5%,  474*  and  27.5%  514*  and  37%  541*  and  50%  cadmium  molybdate. 


TABLE  1 

Binary  Systems  (Figure  1) 


System 

Characteristic  points 

Coordinates 

of  the  characteristic  points 

of  the  curve 

mole  % 

melting  point 

Li2Cl2 - >  CdCl2 

Uninterrupted  series  of  solid  solutions 

78 

500*  • 

with  minium um;  ct,  8  -  transition  LiCl 

Li2Cl2 - ^  Li2Mo04 

Eutectic; 

41 

498 

a,  8  “transition  LiCl; 

LiCl; 

558 

8 -transition 

518 

Li2Mo04 

Li2Mo04 - >  CdMo04 

Eutectic 

19.5 

654 

CdCl2 - >  CdMo04 

Eutectic 

4.5 

553 

*  The  same  coordinates  are  given  by  S.  D.  Gromakov  [2]. 


The  reciprocal  system  Li,  Cd  H  Cl,  M0O4.  The  crystallization  surface  was  studied  from  seven  internal  sec¬ 
tions,  whose  directions  are  shown  in  Figure  4;  brief  characteristics  of  each  of  them  are  given  in  Table  2,  the  re¬ 
sults  obtained  are  jwesented  in  the  form  of  a  projection  of  the  isothermals  on  the  composition  square  of  the  reci- 
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TABLE  2 

Sections  of  the  Reciprocal  System  Li,  Cd  ||C1,  M0O4 


Section  Nos. 

Original  components  of 
the  mixture 

Melting  point 

of  original 
mixture 

Component 

added 

branch  1 

Branches  of  th 

intersection  of 
branches  1  and  2 

e 

% 

I 

25%  Li2Cl2-+-75%  CdCIa  .  . 

503° 

CdMo04 

[Li,Gd]CI 

16.5 

476 

II 

400/0  Li.,CU-r-600/„  CdCla  .  . 

518 

CdMo04 

[Li.Cd  |CI 

23.0 

442 

III 

50“/„  Li..CI.,  SCr/o  CdCl,  .  . 

527 

CdMo04 

ILi.CdlCl 

22.0 

444 

IV 

75%  Li.,Cl2-+-25%  CdCi,  .  . 

571 

CdMo04 

[Li.Cd  |C1 

22.0 

466 

V 

70'Vo  Li.,Cl2 30»/o  LioMo04  . 

542 

CdCl2 

(Li.Cd  ]CI 

VI 

25%  CdMo04  75%  Li,Mo04 

713 

Li2Cl2 

CdMo04 

7.0 

642 

VII 

50", '0  CdMo04  -H  50"/o  Li2Mo04 

930 

Li2Cl2 

CdMo04 

26.0 

592 

Fig.  1.  Fusion  diagrams  of  the  binary  systems: 
Li2Cl2“ CdCl2;  Li2Cl2  Li2Mo04;  Li2Mo04;  Li2Mo04~ 
CdMo04:  Cda2-CdMo04. 


procal  system  (Figure  2),  In  Figure  5  the  pro¬ 
jection  of  the  invariant  points  and  the  lines  of 
joint  crystallization  of  the  components  on  the 
Li2Cl2~CdCl2  side  is  drawn. 

The  crystallization  surface  of  the  system 
consists  of  five  fields:  ot,8  -solid  solutions [ Li, Cd] 
Cl  (23.2*70  of  the  area  of  projection);  a,  8“ 
Li2Mo04(31.4<7o)  and  CdMo04  (45.5‘7o).  The 
point  E  corresponds  to  a  triple  eutectic  of  com¬ 
position  8*7o  Li2Cl2,  24.5%  Li2Mo04  and  67.5% 
CdCl2,  melting  at  434*,  as  is  seen  from  Figure  2. 

Diagonal  Sections  of  the  Li,  Cd  ||  Cl, 

V  O4  system 

The  stable  section  (CdCl2)3“(Li3V04)2 
forms  a  system  with  eutectic  at  464*  and  15% 
lithium  orthovanadate. 

The  fusion  curve  of  the  unstable  section 
(LiCl)6-Cd3(V04)2  consists  of  three  crystalliza¬ 
tion  branches  LiCl,  Li3V04  and  Cd3(V04)2,  inter¬ 
secting  respectively  at  590*  and  3.5%  710*  and 
58%cadmium  orthovanadate  (Figure  6). 

From  the  character  of  the  diagonal  sections 
the  reciprocal  system  appears  irreversibly-reci- 
procal. 

Diagonal  Sections  of  the  Li.Cdjjci, 
WO4  system 

The  stable  section  Li2Cl2“CdW04  has  the 
characteristics  of  a  binary  system  with  eutectic 
at  493*  and  26%  CdW04.  For  CdW04  a, 8  ,y- 
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TABLE  2  (continued) 


crystallization  curves  and  their  intersections 


intersecticT  intersection  ! 

of  branches  of  branches 

.  .  _  -Z  and  a _ .  .  „  3  aod  4 

branch  2  branch  3  i  branch  4 

%  %  to  \ 


mlersection 
of  branches 


Coordinates 
of  maxima  on 
-the  curves _ 


stanch  5  % 


Fig.  3.  Diagonal  sections  of  the  reciprocal  system 
Li,  Cd  II  a.  M0O4. 


Fig.  5.  Projection  of  the  crystallization  dia 
grams  on  the  LiCl-CdClj. 


Fig.  4.  Positions  of  the  internal  sections  of  the 
reciprocal  system  Li,  Cd  ||  Cl,  M0O4. 


Fig.  6.  Diagonal  sections  of  the  reciprocal 
system  Li,  Cd||  Cl,  VO4. 


In  contrast  to  the  reciprocal  system  from  lithium  and  cadmium  chlorides  and  molybdates  the  above  system 
belongs  to  the  irreversibly -reciprocal  type. 

The  reciprocal  system  Li,  Cd  |I  Cl,  M0O4  containing  in  its  composition  cations  with  external  electronic 
structures  of  two  (Li’)  and  eighteen  (Cd")  electrons  proves  to  be  teversibly-reciprocal,  evidently  because  the  dif¬ 
ference  in  polarizability  of  the  Cl’  and  MoOJ  is  small  (less  than  for  the  Cl’  and  SOJ  ions,  present  in  the  system 
Li,  Cd|  CL  SO4  which  separates  into  layers)  and  is  not  connected  with  the  comparatively  large  difference  in 
polarizability  of  the  cadmium  and  lithium  cations  [3]. 

Considering  the  irreversibly-reciprocal  character  of  the  Li,  Cd  |  CL  WO4  and  Li,  Cd  H  Cl,  VO4  systems  and 
the  opposite  direction  of  the  exchange  reaction  inthese  systems  it  may  be  assumed  that  the  WO4  anion  has  greater 
polarizability  than  the  VOy  anion.  Thus  the  anions  considered  fall  in  the  order 


with  reference  to  the  magnitude  of  their  polarizability  coefficients. 
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The  exchange  reaction  in  melts  often  goes  in  die  direction 
of  the  formation  of  the  salts  with  ions  of  greatest  polarizability 
and  the  salts  with  die  ions  of  least  piolarizability.  especially  if  the 
cations  and  anions  differ  considerably  in  piolarizability  between 
themselves.  In  this  case  the  polarizability  of  die  ions  is  the  factor 
determining  the  direction  of  the  exchange  reaction.  The  large  dif¬ 
ference  in  polarizability  of  the  anions  in  conjunction  with  the  large 
difference  in  polarizability  of  the  cadons  is  aie  of  die  conditions 
for  the  sharp  equilibrium  displacement  up  to  separation  of  the  layers 
in  the  molten  state. 

SUMMA  RY 

1.  The  ternary  reciprocal  system  from  the  chlorides  and 
molybdates  of  lithium  and  cadmium,  and  the  diagonal  sections  of 
Fig.  7.  Diagonal  sections  of  the  reciprocal  the  reciprocal  systems  from  the  chlorides  and  orthovanadates,  and 
system  Li,  Cd  |  Cl,  WO4,  from  the  chlorides  and  tungstates  of  lithium  and  cadmium  have 

been  studied  by  the  visual-polymetric  method. 

2.  For  the  same  cation  composition,  the  irreversibility  of  the  exchange  reaction  increases  and  the  mutual 
solubility  in  the  melts  decreases  with  increase  in  the  difference  in  polarizability  of  the  anions. 

3.  A  large  difference  in  polarizability  of  the  anions  in  conjunction  with  a  large  difference  in  polarizability 
of  the  cations  is  one  of  the  conditions  for  the  sharp  displacement  of  equilibrium  in  the  direction  of  the  formation 
of  the  salts  with  ions  of  greatest  polarizability'and  the  salts  with  ions  of  least  polarizability. 
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SOLUBILITY  IN  THE  POTASSIUM  CHLORIDE  -  UREA  - 
WATER  SYSTEM  AT  25* 

A.  K.  Zhdanov  and  K.  G.  NIgai 


Solubility  in  the  urea  -  potassium  chloride  -  water  system  has  been  studied  by  the  visual-poly  me  trie  method 
in  the  region  between  —  19.4*  and  +40*  ri]  and  in  the  region  from  +25*  to  the  freezing  point  of  the  system  [2],  The 
present  work  was  devoted  to  a  study  of  the  solubility  in  the  system  mentioned  at  25*  by  the  isothermal  method. 


Solubility  in  the  System  KC1~C0(NH2)2“  H^O  at  25* 


Density 

(g/ml) 

Composition  of  j 

solution  ("!())  j 

Composition  of 
residue  0>) 

1 

Solid  phase 

KCl 

COfNHJ, 

H,0  1 

KCl 

eCKNH.), 

H/) 

1.1768 

26.16 

73.84 

_ 

_ 

1.1830 

25.04 

4.90 

70.C6 

— 

— 

— 

1.1874 

23.96 

9.04 

67.00 

91.31 

1.10 

7.59 

1.1923 

23.20 

12.17 

64.63 

— 

— 

— 

1.1987 

21.76 

17.38 

60.86 

— 

— 

— 

1.2057 

20.27 

22.67 

57.06 

— 

— 

— 

1.2155 

18.15 

29.16 

52.69 

95.96 

1.70 

2.34 

1.2298 

15.65 

41.68 

42.67 

— 

— 

— 

1.2395 

14.21 

46.87 

38.92 

42.18 

43.23 

14.59 

1.2406 

14.15 

47.60 

38.25 

— 

— 

— 

KCI-+- 

1.2400 

14.11 

47.10 

38.80 

— 

— 

— 

CO(NH,), 

1.2401 

14.11 

47.58 

38.31 

— 

— 

— 

) 

1.2257 

13.02 

47.95 

39.03 

— 

— 

\ 

1.2029 

8.25 

49.94 

41.81 

0.88 

94.23 

4.89 

j  CO(NHj)j 

1.1534 

4.21 

52.05 

43.74 

0.94 

90.65 

8.41 

1.1503 

— 

53.10 

46.90 

— 

— 

' 

COfNHj), 

The  method  of  preparing  the  saturated  solutions  has  been  described  earlier  [3],  The  potassium  chloride 
content  in  the  solution  samples  and  in  the  moist  residue  was  obtained  by  potentiometric  titration  with  O.lNAgNOs, 
the  urea  content  by  the  bromometric  method  [4],  The  water  content  was  found  by  difference.  The  results  ob¬ 
tained  are  given  in  the  table  and  plotted  in  the  diagram. 

It  is  seen  from  the  data  in  the  table  that  the  solubility  of  potassium  chloride  decreases  on  addition  of  urea 
to  a  saturated  solution  of  the  former,  while  the  solubility  of  urea  decreases  on  addition  of  potassium  chloride  to  a 
saturated  solution  of  urea.  The  density  of  the  saturated  solutions  increases  both  on  addition  of  urea  to  the  potas¬ 
sium  chloride  solution  and  on  addition  of  potassium  chloride  to  the  urea  solution,  and  reaches  its  highest  value 
at  die  eutectic  point  (1.2406  g/ml). 

Inspection  of  the  Gibbs  triangular  diagram  (in  figure)  shows  that  the  solid  phases  in  the  system  are;  potas¬ 
sium  chloride  for  solutions  saturated  with  potassium  chloride^  urea  for  solutions  saturated  with  urea  and  a  mixture 
of  both  for  the  eutectic  point. 
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SUMM  A  RY 


1.  The  determination  of  the  solubility  and  solution 
density  of  the  potassium  chloride  —  urea  -  water  system  at 
25*  has  been  carried  out  by  the  isothermal  method. 

2.  The  potassium  chloride  —  urea  “  water  system  be- 
longs  to  the  simplest  type  in  which  no  formation  of  mole¬ 
cular  compound  or  of  solid  solution  takes  place. 
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THE  INFLUENCE  OF  ALKALI  METAL  CATIONS  IN  COMPLEX  COMPOUNDS  OF 
ALUMINUM  BROMIDE  ON  THE  MOLECULAR  COMPOSITION  OF  THESE 
COMPLEXES  IN  SOLVENTS  OF  LOW  DIELECTRIC  CONSTANT 


E.  Ya.  Gorenbein 


In  the  study  of  electrolyte  solutions  attention  is  chiefly  directed  to  the  chemical  interaction  taking  place 
between  the  components  of  the  system  and  to  the  influence  of  the  medium  on  the  degree  of  electrolytic  dissocia¬ 
tion  of  the  electrolyte  on  transfer  from  a  solvent  of  high  dielectric  constant  to  a  solvent  of  lower  DC. 

The  phenomenon  of  association  of  an  electrolyte,  whereby  its  molecular  weight  is  higher  than  that  given 
by  the  molecular  formula,  has  been  interpreted  as  autocomplex  formation  followed  by  electrolytic  dissociation 
into  complex  ions  []]. 

Our  studies  of  concentrated  solutions  of  electrolytes  have  shown  that  the  decrease  in  molecular  conductivity 
with  dilution,  corrected  for  viscosity,  starts  from  the  isolated  liquid  electrolyte  [2].  This  phenomenon  was  inter¬ 
preted  by  us  on  the  basis  of  contemporary  theory  of  the  liquid  state  [3].  Taking  into  consideration  the  fact  that 
the  increase  in  molar  conductivity  with  increase  in  concentration  is  related  to  the  increase  in  association  of  the 
electrolyte,  and  that  the  association  coefficient  is  not  of  constant  magnitude,  we  put  forward  the  suggestion  that 
the  limiting  value  of  the  degree  of  association  of  the  electrolyte  in  the  solution  corresponds  to  the  association  ot 
the  isolated  electrolyte  in  the  liquid  state  [4],  The  phenomenon  of  association  of  an  electolyte  is  simply  the 
manifestation  of  the  degree  of  order  of  its  molecules  in  the  solution.  The  de^ee  of  order  of  an  electrolyte  in 
solution  should  be  influenced  not  only  by  the  electrolyte  concentration  but  also  by  die  dielectric  constant  of  the 
medium,  i.e.,  to  obtain  the  same  molecular  composition  of  an  electrolyte  in  solution  we  may  either  increase  the 
electrolyte  concentration  (in  solvents  of  high  DC)  or  decrease  the  dielectric  constant  of  the  medium  by  using  a 
solvent  of  low  DC  f5].  If  our  suggestion  is  correct,  i.e.,  if  the  increase  in  molecular  weight  with  increase  in  elec¬ 
trolyte  concentration  is  the  result  of  the  formation  of  stmctural  groups  consisting  of  the  different  ions  interacting 
according  to  the  laws  governing  the  formation  of  ionic  lattices,  and  that  these  structural  groups  behave  in  cryo- 
scopic  studies  as  separate  kinetic  particles,  it  would  be  expected  that  study  of  the  molecular  composition  of  elec¬ 
trolytes  with  different  cations  of  varying  polarizability  should  reveal  a  varying  degree  of  order  (association)  of 
the  electrolytes  in  solvents  of  low  DC. 

To  verify  this,  we  undertook  a  cryoscopic  study  of  benzene  solutions  of  aluminum  complexes  obtained  by 
fusing  alkali  metal  halides  with  aluminum  bromide. 

EXPERIMENTAL 

Starting  materials  and  working  method.  The  synthesis  of  aluminum  bromide  has  been  described  earlier 
[6].  The  alkali  metal  halides  were  purified  by  recrystallization.  The  sodium  and  potassium  chlorides  were  ignited, 
while  the  lithium  chloride  was  dehydrated  in  a  current  of  hydrogen  chloride  and  stored  in  sealed  ampoules.  The 
sodium  and  lithium  iodides  were  dehydrated  in  a  current  of  hydrogen  and  stored  in  the  same  way  as  lithium  chlo¬ 
ride.  The  potassium  iodide,  after  careful  purification  and  drying,  was  stored  in  a  desiccator  over  P2O5,  The  cryo¬ 
scopic  benzene  was  dried  and  redistilled  from  metallic  sodium.  A  sample  distilling  at  a  fixed  temperature  was 
used  for  the  work. 

The  complexes  were  prepared  by  fusing  the  aluminum  bromide  with  the  alkali  metal  halides.  They  had 
the  composition  MeHal •  2AlBr3.  The  cryoscopic  measurements  were  made  using  a  Beckmann  apparatus  adapted 
for  use  with  hygroscopic  materials.  The  lowering  of  the  freezing  point  was  detennined  using  a  Beckmann  thermo¬ 
meter.  The  solution  was  stirred  by  a  platinum  stirrer  driven  by  an  electromagnet  with  switch. 
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Measiu'ement  results.  The  aluminum  bromide  complexes  were  fused  in  the  cryoscopic  vessel  and  weighed, 
after  which  die  appropriate  amount  of  benzene  was  added.  The  freezing  point  measurements  were  repeated  at 
least  three  times  and  the  mean  value  taken. 

Solutions  of  the  following  complexes  were  studied:  KCl'2AlBrj,  Kl*2AlBrs,  NaCl'2AlBrj.  Nal*2AlBrj. 

LiC1.2AlBr,  and  Lir*2AlBrj. 

The  complex  compounds  of  rubidium  and  cesium  halides  with  aluminum  bromide  could  not  be  studied  be¬ 
cause  of  their  extremely  low  solubilities  in  benzene.  The  data  for  solutions  of  the  complex  compounds  of  potas¬ 
sium,  sodium  and  lithium  bromides  with  AlBrj  were  taken  from  f?];  however,  the  last  value  (the  most  concentra¬ 
ted  solution)  for  the  NaBr*2AlBrj  complex  was  determined  by  us. 

The  results  of  measurements  on  the  complex  compounds  with  alkali  metal  chlorides  are  given  in  Tables 
1-3,  while  the  remaining  data  are  presented  graphically. 


TABLE  1 


The  System  KCl*2AlBr3-CjHj. 


Concentration 
of  complex 
(mole  '’Jc) 

Freezing 

point 

lowering 

Calculated 

molecular 

weight 

Degree  of 
association 

(i) 

3.24 

0.39’ 

3422 

5.63 

2.53 

0.37 

2790 

4.59 

2.02 

0.35 

2352 

3.87 

1.66 

0.33 

2039 

3.35 

0.87 

0.26 

1140 

2.20 

0.77 

0.24 

1284 

2.11 

0,71 

0.23 

1246 

2.05 

TABLE  3 

The  System  LiCl*2AlBrj- 

-CjHg 

Concentration 

Free  ring 

Calculated 

Degree  of 

of  complex 

point 

molecular 

association 

(mole  '7^') 

lowering 

weight 

(i) 

3.85 

1.58 

957 

1.66 

2.93 

1.35 

844 

1.46 

2.39 

1.13 

817 

1.42 

1.85 

0.95 

750 

1.30 

1.67 

0.88 

729 

1.27 

1.57 

0.84 

718 

1.25 

1,51 

0.82 

705 

1.22 

1.31 

0.78 

642 

1.12 

1.28 

0.74 

634 

1.10 

TABLE  2 

The  System  NaCl  •2AlBrg-CgHg 


Concentration 
of  complex 
(mole  ^Ji) 

Freezing 

point 

lowering 

Calculated 

molecular 

weight 

Degree  of 
association 

.  (i) 

2.93 

0.50* 

2343 

3.96 

2.43 

0.48 

2015 

3,40 

2,07 

0.46 

1780 

3.01 

1.33 

0.44 

1187 

2.01 

1.17 

0.42 

1091 

1.84 

The  curves  in  Figure  1  show  the  relationship  be¬ 
tween  the  degree  of  of  association  (i)  of  the  electrolyte 
and  the  concentration  of  the  components  expressed  as 
mole 

From  the  data  presented  it  is  seen  that  tlie  degree 
of  association  shows  a  linear  dependence  on  the  elec¬ 
trolyte  concentration  for  the  concentration  range  studied, 
and  that  the  greatest  association  is  undergone  by  tlie 
complex  containing  the  potassium  ion  in  its  outer  sphere 
irrespective  of  the  halogen  with  which  the  potassium  was 
combined  before  the  formation  of  the  complex  compound. 

Replacement  of  the  chloride  by  the  bromide  or 
iodide  of  the  alkali  metal  before  formation  of  the  com¬ 
plex  compound  has  little  influence  on  the  degree  of  as¬ 
sociation  of  these  electrolytes,  which  shows  that  the 
complexes  studied  have  identical  structures. 


It  is  possible  that  at  the  concentrations  studied 
a  certain  deviation  from  the  accurate  degree  of  association  values  takes  place,  but  nevertheless  the  fact  that  the 
degree  of  association  of  die  electrolytes  mentioned  increases  with  increase  in  concentration  cannot  be  doubted. 


DISCUSSION  OF  RESULTS 

The  existence  of  complex  compounds  of  aluminum  bromide  with  the  alkali  metal  bromides,  of  composition 
MeBr*2AlBrj(Me  =  Li,Na,  K),  and  of  similar  compounds  with  potassium  chloride  has  been  established  by  themial 
analysis  [8,  9],  Compounds  of  the  remaining  halides  were  prepared  by  analogy.  The  aluminum  bromide  under¬ 
went  no  exchange  with  the  alkali  metal  chlorides  in  benzene  solution,  for  when  exchange  takes  place  aluminum 
chloride  should  be  precipitated  as  it  is  insoluble  in  ben7ene,  (Exchange  has  been  observed  in  the  AlBtj—  SbClj— 
“CglljCl  system  in  which  AlClg  is  precipitated  f  10].)  Exchange  takes  place  between  the  alkali  metal  iodides  and 
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Fig,  1.  Relation  between  degree  of  association  of 
complex  compounds  and  their  concentration  in 
solution. 

1)  KI-2AlBr3,  2)  NaI-2AlBr3.  3)  Lil*2AlBr3. 

4)  KBr.2AlBr3.  5)  NaBr.2AlBr3,  6)  LiBr*2AlBr3. 
7)  KCl*2AlBr3,  8)  NaCl*2AlBr3,  9)  LiCl*2AlBr3. 


aluminum  bromide.  This  is  shown  by  the  cherry-red  color 
of  the  solutions  and  also  by  a  decrease  in  the  degree  of  as¬ 
sociation  of  these  complexes.  Other  conditions  being  equal, 
tlie  complexes  of  AlBtj  with  alkali  metal  iodides  bring  about 
a  greater  lowering  of  the  freezing  point  of  the  solutions, 
which  is  related  to  the  increase  in  the  number  of  particles 
as  a  result  of  exchange. 

In  the  complex  compounds  studied  by  us  the  alumi¬ 
num  ion  is  the  complex  former.  The  coordination  numbers 
of  aluminum  are  chiefly  4  and  6.  From  this  the  structure 
of  the  complex  compounds  studied  can  be  taken  as 
MerAl(Hal)4j  •  AlBrs.  Compounds  of  such  composition  are 
found  in  the  li tera ture  [  1 1  ].  Their  structure  agrees  with 
decomposition  potential  data:  on  electrolysis  of  solutions 
of  the  electrolytes  mentioned  the  corresponding  alkali 
metals  may  be  isolated  at  the  cathode  [12];  the  alkali 
metal  cation  therefore  lies  in  the  outer  sphere  of  the  com¬ 
plexes  studied,  while  the  anion  forms  a  fairly  stable  unit. 

The  change  in  degree  of  association  of  the  complex 
compounds  on  changing  from  an  alkali  metal  cation  of 
smaller  atomic  weight  to  a  cation  with  greater  atomic 
weight  shows  that  the  cause  of  this  phenomenon  lies  in  the 
nature  of  the  cation.  The  formation  of  structural  groups 
depends  on  the  nature  of  both  cation  and  anion.  In  this 
case  the  nature  of  the  anion  is  unaltered.  Here,  evidently, 
two  factors  are  involved:  the  change  in  cation  radius  and 
the  polarizability  of  the  ion  [13],  It  is  known  that  the 
polarizability  of  the  alkali  metal  cations  increases  from 
lithium  to  cesium  114]  while  their  radii  increase  simul¬ 
taneously,  These  factors  act  in  opposite  directions  in  the 
formation  of  structural  groups  involving  alkali  metal  cations. 
Experimental  evidence  shows  that  complexes  containing 
potassium  ions  are  more  associated  than  complexes  con¬ 
taining  sodium  ions,  while  the  latter  are  more  associated 
than  complexes  containing  lithium  ions,  thus  indicating 
the  predominating  influence  of  the  degree  of  polarizability. 
At  this  point,  however,  it  is  necessary  to  study  the  degree 
of  solvation  of  the  cations. 


In  Figure  2  the  relationship  between  the  molar  con¬ 
ductivity  (fJ)  of  three  complex  compounds  LiBr*  Al2Br3  [15],  NaBr'  AljBr^  and  KBr*  Al2Brg[6]  and  the  dilution  ((p) 
is  shown.  The  highest  molar  conductivity  is  shown  by  the  complex  KBr*  AljBrg  and  the  lowest  by  LiBr*  Al^Brg  in 
the  region  of  moderate  concentration.  Since  in  these  compounds  the  structure  of  the  anion  is  the  same  it  must 
be  assumed  that  the  decrease  in  conductivity  of  these  compounds  is  related  to  the  different  degree  of  solvation  of 
the  cations  -  by  increasing  the  radius  of  the  lithium  ion,  while  this  in  turn  weakens  the  force  of  interaction  be¬ 
tween  the  ions  and  also  reduces  the  degree  of  association  of  the  electrolyte.  The  increase  in  polarizability  of 
the  ions  leads  to  a  greater  degree  of  order  in  the  solution.  It  should  be  noted  that  other  authors  [7]  have  already 
pointed  out  the  influence  of  the  polarizing  power  of  the  alkali  metal  cations  in  these  solutions,  but  they  started 
from  the  point  of  view  of  complex  compound  stability,  and  not  the  formation  of  structural  units. 


Thus  the  data  presented  confirm  our  view  that  the  observed  association  of  electrolytes  in  solvents  of  low  DC 
is  simply  the  manifestation  of  the  degree  of  order,  characterized  by  the  presence  of  structural  groups  which  be¬ 
have  in  cryoscopic  determinations  as  separate  kinetic  particles.  At  the  same  time  our  suggestion  that  the  pheno¬ 
menon  of  association  (order)  should  influence  the  electrochemical  properties  of  these  solutions  has  been  confirmed 
[i6]. 
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Fig.  2.  Relationship  between  molar  conductivity  and  dilution.  1)  KBr’2AlBr3, 

2)  NaBr-2AlBrj,  3)  LiBr  •  2AlBr3. 

The  concentration  of  the  potential-determining  ions  changes  to  an  extent  determined  by  the  degree  of 
association  of  the  electrolyte,  and  consequently  the  numerical  values  of  the  decomposition  voltage  and  the 
magnitude  of  the  electrode  potentials  also  change,  which  in  a  number  of  cases  leads  to  interchange  of  the  metals 
in  the  voltage  series 

Such  a  picture  should  also  be  observed  for  systems  consisting  of  salts  with  the  same  cation  and  different 
anions  having  different  polarizability.  It  is  known  Uiat  tire  polarizability  of  the  halide  ions  increases  from  the 
fluoride  ion  to  the  iodide  ion  [14].  Other  conditions  being  equal,  the  degree  of  order  should  therefore  be  greatest 
for  electrolytes  with  the  iodide  ion.  For  such  solutions  the  concentration  of  the  potential-determining  ions  will 
be  less,  and  as  a  result  the  electrode  potential  values  should  change  in  a  manner  corresponding  to  that  which  is 
in  fact  observed  ri8]. 

A  much  greater  degree  of  order  is  shown  by  isolated  electrolytes  in  the  liquid  (fused)  state  than  in  solution. 
As  a  result,  the  influence  of  the  degree  of  order  in  the  electrolyte  on  the  electrode  potential  values  of  the  fused 
isolated  salts  on  replacement  of  the  chloride  ion  by  bromide  or  iodide  ions  should  naturally  be  much  more  pro¬ 
nounced.  The  accuracy  of  tiiis  conclusion  is  illustrated  by  data  given  in  a  work  by  P,  F.  Antipin  and  co-authors 
[19].* 

It  is  of  course  the  case  that  the  formation  of  structural  groups  is  influenced  not  only  by  the  polarizability 
of  the  ions  but  also  by  other  properties  of  the  components,  including  the  ionic  radius,  so  that  deviations  from  this 
regularity  often  occur  in  solutions. 

SUMMARY 

1.  Cryoscopic  studies  of  the  complexes  KCl*  Al^Btj,  NaCl'AljBrg,  LiCl'A12Br5,  Kl-Al2Br5,  Nal-AljBtg 
and  Lil*  Al2Br5  in  benzene  have  been  carried  out. 

2.  It  has  been  established  that  the  degree  of  order  (association)  of  the  electrolytes  depends  linearly  on  the 
concentration  of  the  components  (in  mole  '%)  and  is  increased  on  replacing  an  alkali  metal  cation  of  lower  atomic 
weight  by  an  alkali  metal  cation  of  higher  atomic  weight  in  the  complex  compound. 

3.  A  connection  has  been  shown  between  the  change  in  degree  of  order  in  an  electrolyte  with  changing 
concentration  and  the  electrode  potential  values  in  solvents  of  low  DC. 


In  this  connection  the  statement  by  Yu.  K.  Delimarksy.  .  ."First  of  all  the  influence  of  the  anion  on  the  elec¬ 
trode  potential  was  established,  namely,  that  on  changing  from  the  chlorides  to  the  bromides  and  iodides  the 
potentials  of  the  same  metals  become  more  negative"  [20]  app>ears  rather  strange;  while  this  fact  has  long  been 


known,  it  has  received  no  suitable  explanation. 
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THE  POLA  ROGRA  PHIC  BEHAVIOR  OF  STYPTICIN.  I 


N.  Ya.  Khlopin  and  G.  F.  Reikhardt 


The  chloride  of  the  alkaloid  cotarnine  (N-methyl-6,7-methylenedioxy-8-methoxy-3,4-dihydroisoquinoline 
chloride), 

CH2 

/0-/V^|CH2 

”'^^0-y,^jN+-CHn.H20. 

I  CH 
OCH3 

known  as  stypticin,  is  widely  used  in  medicine  as  a  valuable  hemostatic  agent  [1-3]. 


It  is  known  that  chemical  methods  of  alkaloid  analysis,  in  both  raw  materials  and  finished  pharmaceutical 
products,  taking  into  account  their  low  concentrations,  are  among  the  most  difficult  in  pharmaceutical  analysis, 
so  that  there  is  both  theoretical  and  practical  interest  in  establishing  a  possible  use  of  die  polarographic  method 
for  these  cases. 

Ithas  been  shown  [4-6]  that  only  a  few  alkaloids  are  reduced  at  the  dropping  mercury  electrode,  the  major¬ 
ity  not  being  reduced  by  this  means.  The  polarographic  waves  which  they  give  are  apparently  obtained  as  a  re¬ 
sult  of  the  catalytic  liberation  of  hydrogen. 

Our  aim  was  to  study  the  polarographic  behaviour  of  stypticin  and  in  particular  to  examine  the  conditions 
for  its  reduction  at  the  dropping  mercury  electrode. 

EXPERIMENT  A  L 

The  polarographic  studies  were  carried  out  by  the  visual  method.  A  mirror  galvanometer  of  sensitivity 
2’  10"®  A  was  used.  The  capillary  used  had  the  characteristic  values  m^  =  1.9663  and  =  1.1224  (the  geo¬ 
metrical  characteristics  were  obtained  with  0. IN  potassium  chloride  solution  at  0.0  V,  mercury  column  pressure 
27.3  cm  and  mercury  drop  interval  2  seconds).  No  rubber  tubing  was  used  to  connect  the  capillary  to  the  mercury 
reservoir. 

The  following  buffer  solutions  were  prepared:  acetate  buffers  with  pH  2.61,  3.91,  5.08  and  phosphate -borate 
buffers  with  pH  6.25,  6.83  and  8.02.  The  pH  of  the  solutions  was  checked  using  a  hydrogen  electrode.  To  prevent 
change-in  the  pH  of  the  buffer  solutions  on  storage,  theihsidesof  the  flasks  were  covered  with  paraffin.  Standard 
0.0148  M  stypticin  solution  was  prepared  from  the  salt  checked  for  purity  accwding  to  [7],  The  working  solutions 
were  prepared  by  diluting  this  standard  solution. 

For  the  polarographic  work,  1  ml  of  working  solution  of  stypticin  and  1  ml  of  buffer  solution  were  measured 
into  the  electrolysis  cell  using  a  microburet.  A  current  of  pure  nitrogen  was  passed  through  the  test  solution  for 
20  minutes  to  remove  dissolved  oxygen.  In  fixing  the  height  of  the  polarographic  wave  the  magnitude  of  the  re¬ 
sidual  current  was  taken  into  account,  for  which  a  polarographic  examination  of  one  of  the  buffer  solutions  was 
carried  out  at  the  same  time. 

The  results  of  the  measurements  are  given  in  the  Table. 
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Magnitude  of  Limiting  Current  of  Stypticin  at  Different  pH. 
in  Microamperes 


Concentration 

(nimoL/1) 

j  pH 

3.61 

3.91 

5.07 

6.25 

6.83 

8.02 

0.117 

1.40 

1.00 

1.00 

1.20 

0.80  1 

1.40 

0.235 

2.60 

1.80 

2.20 

2.40 

2.00 

2.20 

0.622 

2.60 

2.80 

3.40 

3.40 

2.80 

3.00 

0.829 

5.20 

— 

4.60 

4.40 

4.60 

4.80 

0.909 

6.00 

5.00 

5.80 

5.40 

6.00 

Thus  stypticin  is  reduced  at  the  dropping 
mercury  electrode  at  pH  values  from  2.5  to  9 
in  the  concentration  range  0.117  to  0.909  milli¬ 
moles/ liter.  In  all  cases  only  one  polarographic 
wave  was  observed. 

As  the  pH  is  increased  there  is  a  shift  in 
reduction  potential  and  the  polarographic  wave 
becomes  less  steep:  from  0.8  to  1.0  V  at  pH 
2.6  to  3.9  and  from  0.9  to  1.3  V  at  pH  5.0  to 
8.0,  The  slope  of  the  polarographic  wave  on 
polarographic  reduction  of  stypticin  on  a  2N 
potassium  chloride  supporting  electrolyte  is 
even  smaller  (from  1.0  to  1.5  V). 

SUMMARY 


1,  The  conditions  for  the  polarographic 
reduction  of  stypticin  at  different  pH  have  been 
studied. 


2.  It  has  been  established  that  with  buffer  solutions  as  supporting  electrolytes  reduction  of  stypticin  takes 
place  at  the  dropping  mercury  electrode  at  pH  values  from  2.5  to  9  in  the  potential  range  between  0.8  and  1.3  V 
(against  the  saturated  calomel  electrode)  at  concentrations  between  0.117  and  0.909  millimoles/ liter. 
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THE  DETERMINATION 
USING 


OF  WATER  IN 
THE  FISCHER 


COMPLEX  COMPOUNDS 

REAGENT  f 


E,  P.  Zemlyakova 


The  use  of  tlie  Fischer  reagent  (a  solution  of  iodine,  sulphur  dioxide  and  pyridine  in  methyl  alcohol)  for 
the  determination  of  water  in  liquids,  solid  compounds  and  gases  has  been  described  in  the  literature  [1,2],  The 
aim  of  the  present  work  was  to  study  the  possibility  of  determining  the  different  functions  of  water  in  complex 
compounds  using  the  Fischer  reagent. 

The  following  hydrated  cobalt  salts  were  synthesized  for  study: 

[Co(NH;,)-,H,01CI,  (!)[’],  [Co(NH,)5H,0]Br3  (II)[‘], 

[Co(NH,)3H,OKNO,:)3  (Ill)l‘],  ICo(NH3)3H301,  (SOA-SHjO  (IV)n. 

[Co(NH3)3H,OUC30,)3-4H30  (V)n,  [Co(NH3).H30]PO,-2H,0  (VI)(»1. 


The  cobalt  content  in  the  salts  obtained  was  first  determined,  after  which  the  water  was  determined  in 
parallel  determinations  by  weighing  and  by  titration  with  the  Fischer  reagent.  By  drying  the  crystalline  hydrates 
in  a  drying  oven  at  110*  or  in  some  cases  (IV,  VI)  at  140-150*  the  quantity  of  water  in  the  compounds  studied 
was  obtained  and  found  to  differ  very  little  from  the  theoretical  calculated  values  (Table  1). 

For  the  determination  of  water  by  the  Fischer  method,  a  sample  of  the  material  being  studied  was  treated 
with  an  accurately  measured  quantity  (20  *25  ml)  of  anhydrous  methyl  alcohol  and  titrated  with  the  Fischer  rea¬ 
gent  with  gentle  stirring  until  the  yellow  color  of  the  solution  obtained  became  brown.  In  a  separate  experiment, 
the  water  content  in  an  equal  volume  (20-25  ml)  of  methyl  alcohol  was  determined.  Using  this  value,  the  water 
content  in  the  crystalline  hydrate  being  studied  was  calculated. 

The  experimental  results  (Table  1)  show  that  in  salts  (I),  (II),  (III),  whose  vapour  pressure  at  25*  is  approxi¬ 
mately  5-4  mm  of  mercury,  the  water  cannot  be  determined  by  the  Fischer  reagent. 

In  the  complex  compounds  (IVX  (V),  (VI)  only  part  of  the  water  can  be  determined:  namely  SH^O  out  of 
6H2O,  4H2O  out  of  6H2O  and  2Hjp  out  of  BH^O. 

On  titration  of  the  salt 

[Co(NH3)5H,0],(Cr20,)3  •  3H2O 

no  definite  results  could  be  obtained.  The  Cr^O;  ion,  which  acts  as  an  oxidizing  agent,  evidently  interferes  with 
the  water  determination  by  the  Fischer  reagent. 

The  determination  of  water  in  hydrated  cobalt  salts  using  the  Fischer  reagent  has  shown  that  in  the  crystal¬ 
line  hydrates  only  the  water  less  firmly  bound  to  the  complex-forming  atom  can  be  determined. 

The  same  results  obtained  after  stirring  a  salt  hydrate  sample  mechanically  for  4  hours  with  25  ml  of  an¬ 
hydrous  methyl  alcohol.  The  only  difference  is  that  after  the  4-hour  mechanical  stirring  with  methyl  alcohol  the 
material  being  studied  (the  salt  hydrate)  was  titrated  more  rapidly  and  more  distinctly;  when  the  prolonged 
mechanical  stirring  is  not  carried  out  the  titration  takes  place  slowly  and  the  end-point  is  less  sharply  defined. 
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CxiSOi  •  5H..O .  36.10  5  35.88  4.98  —0.02  31.77  4.40  —0.6 

NaoS903  •  5H2O .  36.30  5  36.01  4.83  —0.17  37.57  5.14  -1-0.14 

BaClg  •  2H2O .  14.75  2  14.67  2  0.00  14.74  2.00  0.00 


As  well  as  the  hydrated  cobalt  salts  studied,  the  water  was  determined  in  the  crystalline  zirconium  hy¬ 
drates;  * 


fZrlCA),]  •  ^HaO  (VII), 
K4(Zr(Cap4)4l  •  xH.O  (VIM). 
Ca2lZr((!204)4]  •  ;rH20  (IX). 


Titration  of  these  compounds  with  the  Fischer  reagent  in  anhydrous  methyl  alcohol,  with  gentle  stirring 
during  the  titration,  takes  place  gradually.  The  end-point  was  clearly  defined.  In  the  salt  (VII)  2H2O  were 
determined,  while  after  drying  in  a  desiccator  over  calcium  chloride  for  several  days  l.SHaO  were  found  by 
titration.  In  the  complex  compound  (Vni)  4H20  were  determinecl  and  S.GSHjO  in  (IX). 

Theresults  obtained  agree  with  experimental  analytical  data  for  these  crystalline  zirconium  hydrates. 

The  results  of  experiments  on  the  determination  of  water  in  barium  chloride  show  that  the  amount  of  water 
in  BaClj-2H20,  determined  by  weighing  and  by  the  Fischer  method  is  practically  the  same.  The  crystalline  hy¬ 
drate  BaCl2  *21120  is  titrated  sharply  and  rapidly.  In  the  determination  of  water  in  sodium  thiosulfate  some  dis¬ 
crepancies  are  observed;  higher  results  are  obtained  in  the  titration  with  the  Fisbher  reagent.  In  the  determina¬ 
tion  of  water  in  copper  sulfate  by  the  Fischer  reagent,  lower  results  are  obtained  (Table  2). 

SUMMARY 

1.  In  the  salts  rCo(NH3)5H20]Clj,  [Co(NH3)5H20]  Br3  and  [Co(NH3)5H20](N08)3  the  water  in  the  inner  sphere 
of  the  complex  compound  cannot  be  determined-  by  the  Fischer  reagent. 

2.  In  the  salts  [Co(NH3)5H20]2(S04)3*  3H2O,  rCo(NH3)5H201j  (€204)3  *41120,  [Co(NH3)5H20]P04  *2H20  the 
water  in  the  outer  sphere  may  be  determined  by  the  Fischer  reagent  under  the  conditions  studied;  water  which  is 
more  firmly  bound  to  the  complex-forming  atom  is  not  determined. 

3.  In  the  determination  of  water  by  the  Fischer  reagent  it  is  necessary  to  bear  in  mind  the  complications 
which  may  arise  on  account  of  reaction  between  the  compound  being  studied  and  the  constituents  of  the  Fischer 
reagent. 
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THE  FUSIBILITY,  VISCOSITY  AND  DENSITY  OF  THE  SYSTEMS 


SnBr4 -CHjBrCOOH  and  S  bB  Fj  -  C  H^B  rC  OOH 
T.  Sumarokova  and  N.  Khakhlova 


Physico-chemical  analysis  of  the  systems  SbCl3“CH3COOH  f  11  SbCl3— CF^CICOOH  [2]  and  SbCl3—  ^Cls  — 
-COOH  [3]  has  shown  that  acetic  and  chloroacetic  acids  undergo  an  acid-base  reaction  with  antimony  trichloride 
with  the  formation  of  complex  compounds  of  composition  SbCl3*RCOOH  and  2SbCl3’  RCOOH.  Acetic  [4,  5]  and 
monochloroacetic  [6]  acids  react  with  stannic  chloride.  Dichloroacetic  and  trichloroacetic  acids  [7]  do  not  react 
with  stannic  chloride.  M.  Usanovich  and  E.  Yakovleva  [8]  have  studied  the  behaviour  of  CH/DOOH  toward^ 

SnBr4  and  have  established  that  the  SnBr4  reacts  with  CH3COOH. 

In  connection  with  these  experiments  it  appeared  of  interest  to  us  to  study  the  behaviour  of  CHjBrCOOH  to¬ 
ward^  SnBr4  and  SbBr3.  It  is  known  that  CHzBrCOOH  behaves  in  water  as  a  stronger  acid  (K  =  2.05- 10"®  at  25*) 
than  CH2CICOOH  (K  =  1.40*  10"®  at  25*)  and  consequently  ou^t  to  be  a  weaker  oxonium  base  than  CI^CICOOH. 
On  the  other  hand,  8nBr4  has  less  complex- forming  pwwer  than  SnCl4.  SbBr3  on  the  contrary  forms  complex  com¬ 
pounds  more  readily  than  SbCl3i,  so  that  interaction  might  be  expected  in  the  SbBr3-CH2BrCOOH  system  but  not 
in  the  SnBr4— CH2BrCC)OH. 

EXPERIMENTAL 

Antimony  tribromide  was  synthesized  by  the  direct  action  of  bromine  on  metallic  antimony.  The  crude 
product  obtained,  containing  excess  bromine,  was  boiled  over  metallic  antimony  for  several  hours  and  then  redis¬ 
tilled.  In  the  final  purification  the  antimony  tribromide  was  sublimed  and  stored  in  sealed  ampoules:  m.  p;.  93*. 

Stannic  bromide  was  prepared  similarly  to  the  antimony  tribromide.  Purification  of  the  stannic  bromide 
was  achieved  by  fractional  distillation.  The  fraction  boiling  at  199*  and  695  mm  pressure  was  collected  and 
sealed  into  ampoules  in  a  special  apparatus  [9].  The  stannic  bromide  had  m.  p,.  32*. 

Monobromoacetic  acid  was  obtained  by  bromination  of  glacial  acetic  acid,  of  m.p,.  16*,  in  the  presence 
of  red  phosphorus.  The  acetic  acid  was  fully  brominated  and  the  product  crystallized  completely  at  room  tempera¬ 
ture.  The  monobromoacetic  acid  obtained  was  redistilled  several  times,  recrystallized  twice  from  benzene,  dis¬ 
tilled  into  ampoules  and  sealed.  The  monobromoacetic  acid  had  m.  p  .  49.8*. 

The  system  SnBr^-CHgBrCCXlH  was  studied,  measurements  being  made  of  the  fusibility  and  the  viscosity 
and  density  at  40,  50,  60  and  70*.  From  Figure  1  and  the  data  in  Table  1  it  can  be  seen  that  the  fusion  diagram 
has  the  form  of  a  simple  eutectic.  The  eutectic  point  corresponds  to  a  temperature  of  28.8*  and  a  composition 
of  87.27  mole  %SnBr4.  In  the  melts  of  some  mixtures,  crystallization  was  preceded  by  the  appearance  of  a  slight 
turbidity,  apparently  connected  with  the  separation  of  the  system  into  its  components. 

Neither  the  system  SnBr4— CH2BrCOOH  nor  its  components  conducts  electricity. 

The  viscosity  isothermal  (Table  2,  Figure  1)  passes  through  a  minimum  corresponding  to  a  composition  of 
85-90  mole  ^0  SnBr4.  With  increasing  temperature  the  position  of  the  minimum  shifts  towards  the  monobromo¬ 
acetic  acid  side.  The  minimum  on  the  viscosity  isothermals  results  from  die  association  of  the  monobromoacetic 
acid. 

The  density  data  are  given  in  Table  3. 
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TABLE  1 


TABLE  2 


Fusibility  of  the  System  SnBr4-CH,BrCOOH  Viscosity  of  the  System  SnBr-  CH|BrCOOH 


SnBr4  content 
(mole  ^r) 

Temperature 
of  initial 
crystallization 

Temperature  of 
eutectic  crystal¬ 
lization 

SnBr4 

content 

(mole  °]o) 

Viscosity 

(in  centipol 

ses) 

40* 

50* 

60* 

70* 

100.00 

32.0* 

- 

100.00 

1.97 

1.78 

1.58 

1.42 

90.42 

29.5 

28.3* 

90.42 

1.88 

1.65 

1.47 

1.32 

87.27 

28.8 

28.8 

72.68 

2.04 

1.78 

1.56 

1,38 

74.50 

35.0 

28.5 

47.94 

2.48 

2.15 

1.81 

1.59 

73.48 

34,7 

28.5 

26.36 

3.07 

2.58 

2.15 

1.82 

50.00 

40.2 

28.0 

8.95 

3.74 

3.12 

2.58 

2.13 

44.40 

41.0 

28.5 

0.00 

- 

3.65 

3.03 

2.52 

35.00 

41.8 

27.7 

23.79 

43.7 

28.5 

The  relationship  between 

specific  volume  and 

21.00 

43.8 

28.7 

composition  (in  ‘7"  wt.)  (Figure  1)  is  linear  and  indicates 

9.20 

45.6 

— 

that  the  components  of  the  system  do  not  interact. 

8.17 

46.0 

— 

0.00 

49.8 

_ 

Thus  the  absence  of  electrical  conductivity  in 

the  system  and  the  shape  of  the 

viscosity  and  specific 

volume  isothermals,  together  with  the  thermal  analysis 

data,  show  that  no  Interaction  takes  place  between  the  components  of  the  system. 


The  system  SbBra-CHjBiCOOH  was  studied,  measurements  being  made  of  the  fusibility  and  the  viscosity 
and  density  at  60,  70  and  80*.  The  thermal  analysis  data  are  given  in  Table  4. 

The  fusion  diagram  of  the  system  SbBr3-CH2BrCOOH  (Figure  2)  has  one  eutectic  point  at  a  comnosition  of 
10  mole<7o  SbBr,;  the  m,  p.  of  the  eutectic  is  41*. 

The  results  of  measurements  of  viscosity  and  density  are  given  in  Tables  5  and  6. 


TABLE  3 

Density  of  the  System  SnBr4-Cl^BrCOOH 


SnBr4  content 

Density  (g/ml) 

wt. 

j  mole 

40° 

50° 

60° 

70° 

100.00 

100.00 

3.3132 

3.2894 

3.2613 

3.2287 

%.74 

90.42 

3.2464 

3.2199 

3.1934 

3.1594 

89.35 

72.68 

3.0939 

3.0701 

3.0438 

3.0116 

74.84 

47.94 

2.8162 

2.8005 

2.7770 

2.7546 

53.03 

26.36 

2.4955 

2.4812 

2.4626 

2.4407 

23.68 

8.95 

2.1538 

2.1394 

2.1216 

2.1010 

0.00 

0.00 

1.9268 

1.9103 

1.8891 

A  complete  isothermal  could  be  obtained  only  atSO*;  at  60  and  70*  mixtures  enriched  in  antimony  tribromide 
crystallized.  The  viscosity  isothermal  (Figure  2)  at  80*  has  the  form  of  an  S-shaped  curve  and  its  path  shows  the 
occurrence  of  interaction  in  the  system.  The  relationship  between  specific  volume  and  composition  expressed  as 
percentage  wei^t  shows  that  a  contraction  is  taking  place  in  the  system  as  a  result  of  interaction  (Figure  2). 

On  the  basis  of  the  results  of  viscosity  and  density  measurements  we  conclude  that  the  components  of  the 
system  undergo  an  interaction  which  is  not  reflected  in  the  fusion  diagram. 
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TABLE  4 


TABLE  5 


Fusibility  of  the  System  ShBrj-CH^BrCOOH 


SbBr, 
content 
(mole  °!r) 

Temperature 
of  initial 
crystallization 

Temperature 
of  eutectic 
crystallization 

100.00 

93.0* 

— 

74.93 

86.0 

38.5* 

49.73 

72.0 

41.0 

35.19 

65.0 

41.0 

10.00 

41.0 

41.0 

7.12 

46.0 

- 

5.52 

47.0 

- 

4.22 

47.8 

- 

1.84 

49.3 

41.0 

0.00 

50.0 

- 

Fig.  1.  Fusibility,  viscosity  and  specific 
volume  of  the  system  SnBr4— CH^BrCOOH. 


Viscosity  of  The  System  SbBrj-CHjBrCOOH 


SbBr, 
content 
(mole  %) 

100.00 

80.08 

70.77 

59.77 
49.64 
40.63 
27.40 
15.26 
12.86 

2.31 

0.00 


Viscosity  (in  cent! poises) 

60’ 

70* 

80* 

- 

- 

4.94 

- 

- 

4.56 

- 

- 

4.38 

- 

- 

4.17 

6.06 

4.71 

3.83 

5.34 

4.26 

3.44 

4.51 

3.56 

2.96 

3.79 

3.11 

2.58 

3.66  . 

3.00 

2.51 

3.19 

2.65 

2.25 

3.15 

2.63 

2.22 

Fig.  2.  Fusibility,  viscosity  and  specific 
volume  of  the  system  SbBr5-CH2BrCOOH. 


TABLE  6 

Density  of  the  System  SbBrj-CH2BrCOOH 


SbBr,  content 

Density  (g  /inl) 

•51)  wt. 

mole  ^ 

60® 

70“  I 

80“ 

100.00 

111'  '7 

3.7437 

91.27 

8t: 

— 

— 

3.4520 

86.30 

7(  1 

— 

— 

3.3078 

78.32 

59  ' 

— 

3.2036 

71.96 

4954 

3.0102 

2.9860 

2.9781 

64.04 

40.63 

2.8029 

2.7738 

2.7562 

49.57 

27.40 

2.5188 

2.5023 

2.4793 

31.91 

15.26 

2.5779 

2.2403 

2.2217 

27.72 

12.86 

2.2056 

2.1900 

2.1733 

5.81 

2.31 

1.9628 

1.9399 

1.9235 

0.00 

0.00 

1.9103 

1.8891 

1.86% 

2999 


8S  $  t 


Thus  the  results  of  physicochemical  analysis  of  the  ShBrj-CH|BrCOOH  and  SnBr4-CH2BrCOOH  systems 
has  shown,  as  we  suggested,  that  CHjBrCOOH  reacts  with  SbBrj  but  does  not  react  with  SnBr4, 

SUMMARY 

1.  The- fusibility  and  the  viscosity  and  density  at  40,  50,  60  and  70*  of  the  system  SnBr4~CH2BrCOOH  have 
been  studied. 

It  has  been  established  that  there  is  no  reaction  between  the  components. 

2.  The  fusibility  and  the  viscosity  and  density  (at  60,  70  and  80*)  of  the  system  SbBr3— CHjBiCOOH  have 
been  studied. 

It  has  been  established  from  the  viscosity  and  specific  volume  diagrams-that  reaction  takes  place. 
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THE  VISCOSITY  OF  BINARY  SYSTEMS  WITH  CHLORAL.  I 


V.  V.  Udovenko  and  R.  I.  Khomenko 


It  is  known  that  the  reaction  of  chloral  with  aliphatic  alcohols  leads  in  the  majority  of  cases  to  the  forma¬ 
tion  of  crystalline  compounds  which  have  the  structure  of  hemiacetals  and  are  called  chloral  alcoholates.  As 
Leopold  fl],  after  a  study  of  the  fusion  diagram  of  the  chloral  -  ethyl  alcohol  system,  has  shown,  the  crystalline 
chloral  alcoholates  obtained  in  his  case  did  not  dissociate  into  their  compcments  on  melting  and  are  therefore 
fairly  stable  compounds.  In  some  cases,  however,  the  chloral  alcoholates  formed  do  not  crystallize  under  ordinary 
conditions  and  form  oily  liquids.  Examples  of  such  chloral  alcoholates  are  chloral  propyl  alcoholate  [2]  and 
chloral  amyl  alcoholate  [3]. 

Cyclic  alcohols  react  with  chloral  in  the  same  way  as  aliphatic  alcohok,  forming  corresponding  crystalline 
or  liquid  chloral  alcoholates  [4]. 

In  a  study  of  the  chloral  alcoholates,  Jacobsen  [5]  tried  to  obtain  chloral  alcoholates  of  aromatic  alcohols. 

He  was  unsuccessful,  and  therefore  concluded  that  chloral  does  not  react  with  aromatic  alcohols.  This  conclusion 
by  Jacobsen  contradicts  the  suggestion  made  by  Henry  [6]  that  chloral  can  be  used  as  a  reagent  for  compounds  con¬ 
taining  the  alcoholic  hydroxyl  group. 

It  has  thus  remained  uncertain  whether  chloral  reacts  with  all  hydroxyl-containing  materials  and  how  the 
nature  of  the  hydroxyl-containing  group  affects  the  character  of  its  reaction  with  chloral. 

In  undertaking  research  to  clarify  these  questions,  we  decided  to  study  by  physicochemical  analytical  methods 
a  series  of  binary  systems  in  which,  besides  chloral,  materials  belonging  to  different  classes  of  organic  compounds 
would  be  taken. 

In  the  present  article  the  reaction  of  chloral  v/itli  benzyl  alcohol  and  with  cyclohexanol  is  examined  on  the 
basis  of  the  viscosity  data  for  these  systems. 

Determination  of  the  viscosity  was  carried  out  in  a  viscometer  adapted  for  volatile  liquids  [7].  The  mixture 
being  measured  was  carefully  isolated  from  the  atmosphere  to  avoid  entry  of  moisture.  The  density  was  measured 
in  a  pyknometer  of  1  ml  capacity  with  a  narrow  graduated  neck.  The  temperature  in  the  thermostat  was  regula¬ 
ted  within  i  0.05*. 

The  chloral  required  was  prepared  from  chloral  hydrate  by  Liebig;*  s  method  [8],  in  which  concentrated 
sulfuric  acid  is  used  as  dehydrating  agent.  The  chloral  obtained  was  distilled  from  freshly  ignited  calcium  oxide 
in  a  special  apparatus  [7].  The  benzyl  alcohol  was  dried  over  ignited  potassium  carbonate  and  afterwards  distilled, 
while  the  cyclohexanol  was  first  of  all  frozen  and  afterwards  the  fraction  with  melting  point  above  20*  was  dis¬ 
tilled.  Materials  used  had  the  following  boiling  points  at  726  mm;  chloral  96.7*,  benzyl  alcohol  202.5*  and 
cyclohexanol  158.8*. 

When  the  chloral  and  benzyl  alcohol  were  mixed  a  considerable  evolution  of  heat  wasobscrved,  so  that  tire 
mixtures  were  cooled  during  preparation.  The  viscosity  of  the  prepared  mixtures  for  this  system  did  not  change 
with  time.  Measurements  were  made  at  25,  50  and  75*. 

The  results  of  the  viscosity  and  density  measurements  for  the  chloral  —  benzyl  alcohol  system  are  given  in 
Table  1.  The  viscosity  isothermak  have  the  form  of  curves  with  a  sharply  defined  maximum,  which  does  not 
correspond  to  a  rational  component  ratio.  On  increasing  the  temperature  the  maximum  becomes  flatter  and  is 
displaced  to  the  alcohol  side.  The  density  isothermals  are  curves  concave  towards  the  composition  axis. 
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TABLE  1 


The  Chloral  Benzyl  Alcohol  System 


Chloral 
content 
On  moles 

■■ 

25° 

50° 

75° 

Viscosity 

Density 

Viscosity 

Density 

Viscosity 

Density 

0.00 

5.212 

1.0190 

2.548 

1.0006 

1.501 

0.9819 

9.86 

7.956 

1.1071 

3.521 

1.0862 

1.934 

1.0661 

18.91 

12.34 

1.1674 

4.774 

1.1454 

2.422 

1.1225 

27.95 

18.57 

1.2312 

6.410 

1.2083 

2.948 

1.1829 

35.62 

21.83 

1.2843 

6.783 

1.2592 

3.175 

1.2339 

40.64 

40.42 

1.3215 

9.558 

1.2944 

3.772 

1.2650 

43.64 

50.35 

1.3424 

10.85 

1.3142 

4.165 

1.2837 

47.51 

55.16 

1.3678 

10.57 

1.3352 

3.888 

1.3053 

49.30 

54.24 

1.3780 

10.21 

1.3460 

3.873 

1.3118 

49.98 

51,18 

1.3817 

10.01 

1.3510 

3.779 

1.3170 

53.95 

39.89 

1.3942 

8.491 

1.3632 

3.258 

1.3288 

59.25 

24.53 

1.4194 

6.780 

1.3887 

2.953 

1.3531 

66.79 

9.262 

1.4387 

3.796 

1.4075 

2.066 

1.3732 

75.64 

2.888 

1.4600 

1.639 

1.4233 

1.115 

1.39C9 

88.27 

2.072 

1.4906 

1.307 

1.4557 

0.922 

1.4123 

100.00 

1.055 

1.5013 

0.764 

1.4603 

0.588 

1.4186 

TABLE  2 

The  Chloral  -  Cyclohexanol  System 


Cloral 

content 

60° 

80° 

moles  >) 

viscosity 

density 

viscosity 

density 

0.00 

8.254 

0.9187 

3.721 

0.9019 

12.19 

9.350 

1.0019 

4.145 

0.9831 

19.98 

10.065 

1.0544 

4.409 

1.0334 

24.91 

10.440 

1.0900 

4.547 

1.0700 

29.84 

10.492 

1.1234 

4.576 

1.1014 

34.99 

10.495 

1.1633 

4.587 

1.1397 

39.76 

10.199 

1.1925 

4.493 

1.1688 

44.85 

9.316 

1.2317 

4.178 

1.2065 

49.60 

7.757 

1.2647 

3.602 

1.2388 

59.51 

3.994 

1.3098 

2.388 

1.2830 

70.22 

2.054 

1.3156 

1.432 

1.3181 

79.73 

1.327 

1.3778 

1.008 

1.3511 

89.17 

0.931 

1.4076 

0.743 

1.3794 

100.00 

0.701 

1.4413 

0.565 

1.4096 

On  mixing  chloral  and  cyclohexanol  a 
large  evolution  of  heat  was  also  observed,  so 
that  the  mixtures  were  cooled  during  prepara¬ 
tion.  Crystals  melting  at  60*  were  precipitated 
from  the  mixture  of  chloral  and  cyclohexanol. 
All  viscosity  and  density  measurements  were 
therefore  made  at  60  and  80*.  The  viscosity 
of  the  mixtures  did  not  change  with  time. 

The  results  of  the  viscosity  and  density 
measurements  for  the  chloral  —  cyclohexanol 
system  are  given  in  Table  2.  The  viscosity 
Isothermals  pass  through  an  irrational  maximum 
‘which  correspcMids  to  a  chloral  mole  %  of  90. 

On  raising  the  temperature  the  viscosity  maxi¬ 
mum  becomes  flatter  and  in  the  temperature 
range  studied  moves  only  very  slightly  toward 
the  alcohol  side.  The  density  isothermals  are 
concave  towards  the  composition  axis. 

A  mixture  of  equimolecular  amounts  of 


the  crystals  had  nx  p. 
ether.  Determination 


chloral  and  cyclohexanol  crystallized  complete 
ly.  On  recrystallization  from  petroleum  ether 
64*.  They  dissolved  readily  in  alcohol,  acetone,  benzene  and  less  readily  in  petroleum 
of  chlorine  by  the  Carius  method  gave  the  following  results: 


Founder  Cl  43.13,  43.18.  CCljCHO*C,HiiOH.  Calculated  <7o:  Cl  42.97. 


The  analysis  and  melting  point  correspond  to  the  compound  of  chloral  and  cyclohexanol  CClsCHO'CjHnOH 
described  by  Sumerford  and  Cronic  [4]. 

As  is  known,  the  chloral  alcoholates  formed  by  the  interaction  of  chloral  and  aliphatic  alcohols  are  stable 
compounds  which  do  not  dissociate  into  their  components  on  melting  [1].  Study  of  the  viscosity  of  such  systems 
[8-11]  has  also  shown  that  the  isothermals  are  not  single  but  pass  throu^  an  irrational  maximum  corresponding 
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closely  to  the  composition  of  the  equimolecular  compound  but  displaced  to  the  alcohol  side.  This  displacement 
of  the  irrational  maximum  on  the  viscosity  isothermals,  as  is  well  known  [121  fs  explained  by  the  reaction  of  the 
compound  formed  with  one  of  the  components  of  the  system. 

In  the  chloral  —  benzyl  alcohol  system  studied  by  us  the  viscosity  isothermals  pass  through  a  sharply  define^ 
irrational  maximum  similarly  situated  near  the  composition  of  the  equimolecular  compound  but  displaced  to  the 
alcohol  side. 

The  similar  character  of  the  viscosity  isothermal  indicates  interaction  between  chloral  and  benzyl  alcohol 
and  the  formation  of  an  equimolecular  compound.  The  reaction  of  this  compound  with  the  alcohol  leads  to  a 
displacement  of  the  maximum  toward  the  side  of  the  latter. 

On  the  basis  of  our  experimental  data,  Jacobsen's  statement  that  chloral  does  not  react  with  aromatic  alco¬ 
hols  must  be  considered  incorrect  [5]. 

In  spite  of  the  clearly  defined  reaction  between  chloral  and  benzyl  alcohol,  however,  we  were unable  to 
separate  the  compound  in  crystalline  form.  On  distilling  an  equimolecular  mixture  the  high-boiling  fraction 
proved  to  be  pure  benzyl  alcohol.  The  compound  formed  dierefore  decomposes  into  its  components  at  the  boil¬ 
ing  point. 

In  the  chloral  -  cyclohexanol  system  the  reaction  of  the  components  leads  to  the  formation  of  a  crystalline 
compound.  At  the  same  time  tfie  maximum  on  the  viscosity  isothermals  of  thissjistem  is  less  sharply  defined  than 
in  the  chloral  —  benzyl  alcohol  system  and  conesponds  to  a  cyclohexanol  mole  of  70.  This  cwresponds  to  a 
component  ratio  of  1;  2  in  the  compound. 

Assuming  that  the  crystalline  compounds,  of  chloral  and  cyclic  alcohols  are  as  stable  as  those  of  aliphatic 
alcohols  and  are  not  noticeably  dissociated  into  their  components  at  the  melting  points;  it  may  be  concluded 
that  such  a  shift  of  the  viscosity  maximum  to  die  cyclohexanol  side  is  explained  by  the  reaction  of  the  latter 
with  the  equimolecular  compound.  This  conclusion  fully  agrees  with  the  conclusion  reached  by  one  of  us  in  an 
examination  of  the  reasons  for  the  shift  of  the  irrational  maximum  on  viscosity  isothermals  [12,  11], 

SUMMARY 

[1]  The  viscosity  and  density  of  the  chloral  —  benzyl  alcohol  system  at  25,  50  and  70*,  and  of  the  chloral - 
cyclohexanol  system  at  60  and  80*  have  been  studied, 

[2]  From  the  example  of  the  chloral  -  benzyl  alcohol  system  it  has  been  shown  that  aromatic  alcohob 
react  with  chloral  in  the  same  way  as  aliphatic  alcohols. 

[3]  It  has  been  shown  that  in  the  systems  studied  the  shift  of  the  irrational  maximum  to  the  alcohol  side  is 
caused  by  the  reaction  of  the  latter  with  the  equimolecular  compound. 
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vSPECTRA  AND  HALOCHROMISM 
I.  HALOCHROMISM  OF  AROMATIC  CARBINOLS 

V.  F.  Lavrushin 


The  production  of  color  from  the  interaction  of  triphenylcarbinol  and  concentrated  sulfuric  acid  had  been 
called  halochromism  [1].  This  phenomenon  has  been  studied  by  many  methods  for  a  large  number  of  aromatic 
carbinols.  The  absorption  spectra  have  been  studied  chiefly  with  solutions  of  tertiary  aromatic  alcohols  in  con¬ 
centrated  sulfuric  acid. 

In  the  present  work  our  aim  was  the  spectrographic  study  of  the  behavior  of  carbinok  with  varying  numbers 
of  aromatic  radicals,  dissolved  in  concentrated  sulfuric  acid,  trichloroacetic  acid  and  a  mixture  of  sulfuric  and 
acetic  acids. 

The  General  Characteristics  of  the  Absorption  Spectra  Studied 

Triphenylcarbinol  dissolves  fairly  rapidly  in  concentrated  sulfuric  acid  and  an  orange  color  is  develop>ed 
immediately.  The  absorption  spectrum  of  the  sulfuric  acid  solution  lies  between  4850  and  2150  A  and  has  4  ab¬ 
sorption  bands  (I-1V>  (Figure  1.  Curve  21. 
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Band  L  which  gives  rise  to  the  color  of  the  solution,  and  Band  11  are  characteristic  only  of  the  acid  solution 
and  are  not  present  in  the  curve  of  the  ethyl  alcohol  solution.  This  absorption  curve  agrees  exactly  with  curves 
given  in'the  literature  [2,3]  and  supplements  them  in  the  far  ultra-violet  region. 

Triphenylcarbinol  also  forms  an  immediate  orange  color  on  solution  in  30<7o  sulfuric  acid  in  glacial  acetic. 
The  absorption  curve  of  this  solution  has  one  broad  band  between  5000  and  3200  A  with  a  slight  depression  giving 
it  two  maxima  at  4250  and  3860  A  and  c  =  31600  (Figure  1,  Curve  4). 

The  solution  of  triphenylcarbinol  in  90%^  trichloroacetic  acid  gives  a  curve  with  one  absorption  band  be¬ 
tween  5060  and  3200  A,  which  has  one  maximum  at  4330  A  and  e  =  79400  (Figure  1,  Curve  3). 

4-Hvdroxy triphenylcarbinol  dissolves  in  concentrated  sulfuric  acid  to  form  a  colored  solution  whose  curve 
has  four  absorption  Bands  (1-1 VI  (Figure  1,  Curve  5). 
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The  first  two  bands  cover  a  large  part  of  the  visible  and  ultraviolet  spectrum  and  are  given  only  by  the 
acid  solution. 

These  bands  are  situated  in  the  same  region  of  the  spectrum  for  the  acetic  —  sulfuric  acid  solution  curve, 
but  are  of  lower  intensity  (Figure  1,  Curve  6).  They  have  two  absorption  maxima,  the  first  of  which  lies  at 
4650  A  and  c  =  31600  and  the  second  at  3750  A  and  €  =  9550. 

Diphenylcarbinol  dissolves  in  concentrated  sulfuric  acid  to  form  an  orange  solution  whose  absorption  curve 
lies  between  5400  and  2170  A  and  has  three  well-defined  absorption  Bands  (l-lll)  (Figure  2,  Curve  2). 
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Fig.  1.  Triphenylcarbinol;  1)  in  CjHjOH,  2)  in  cone.  Fig.  2.  Diphenylcarbinol:  1)  in  CjHjOH.  2)  in  cone, 

H1SO4.  3)  in  90%CCliCC)OH,  4)  in  30*7^  H2S04  in  H2SO4.  3)  in  90%  CCI3COOH.  Methyldiphenylcar- 

CH3COOH.  binol:  4)  in  CjHjOH,  5)  in  cone.  113504.  6)  in  90% 

CClsCOOH,  7)  in  55%  HJSO4  in  CH^OOH, 
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The  curve  obtained  by  us  for  the  sulfuric  acid  solution  of  diphenylcarbinol  agrees  with  that  given  in  the 
literature  [4], 

Diphenylcarbinol  dissolves  readily  in  90*70  trichloroacetic  acid  again  forming  a  colored  solution.  The  ab¬ 
sorption  curve  of  this  solution  has  only  one  band  of  low  intensity  with  an  absorption  maximum  at  4280  A  and 
€  =  1.25  (Figure  2,  Curve  3). 

Mcthyldiplienylcarbinol  dissolves  in  concentrated  sulfuric  acid  to  form  an  orange-colored  solution  which 
has  a  characteristic  spectrum  with  four  well-defined  absorption  Bands  (I-IV)  (Figure  2,  Curve  5). 
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Both  long  wave  bands  are  given  only  by  the  sulfuric  acid  solution  and  are  not  present  in  the  ethanol  curve. 
This  curve  does  not  differ  in  any  way  from  that  given  in  the  literature  [4], 

When  methyldiphenylcarbinol  is  dissolved  in  90%  trichloroacetic  acid  a  yellow  color  is  formed  for  only  a 
short  time,  changing  rapidly  to  blue-green.  The  absorption  curve  of  this  solution  shows  three  bands  between 
6700  and  3300  A  (Figure  2,  Curve  6).  On  comparison  with  the  sulfuric  acid  solution  curve  a  large  new  long  wave 
band  with  a  maximum  at  6150  A  and  e  =  50  is  observed,  after  which  comes  a  band  in  the  short  wave  region  of 
the  visible  spectrum  with  a  maximum  at  4420  A  and  c  =  5.0  and  one  in  the  near  ultraviolet  at  367  0  A  and  e  = 

=  5.0. 

Methyldiphenylcarbinol  also  dissolves  in  55%  sulfuric  acid  in  glacial  acetic  with  the  formation  of  a  blue- 
green  color.  The  absorption  curve  of  this  solution  lies  between  6420  and  4500A(Figure  2,  Curve  7)  and  has  two 
absorption  maxima  at  6170  A  and  e  =  1180  and  at  4700  A  and  €  =  654. 

In  55%  sulfuric  acid  solution  in  acetic  anhydride,  methyldiphenylcarbinol  does  not  give  a  blue-green  color 
but  forms  an  orange  solution  as  with  sulfuric  acid. 

Since  methyldiphenylcarbinol  forms  solutions  with  noticeably  different  colors  in  different  acids,  it  seemed 
of  interest  to  study  the  behavior  of  carbinols  of  closely  related  structure  in  analogous  conditions. 

Ethyldiphenylcarbinol  gives  an  orange  solution  with  concentrated  sulfuric  acid.  The  absorption  curve  of 
the  solution  has  four  absorption  Bands  (I-IV)  (Figure  3,  Curve  2). 
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This  curve  is  of  the  same  shape  as  the  curve  of  the  corresponding  methyldiphenylcarbinol  solution. 

On  testing  the  behavior  of  ethyldiphenylcarbinol  in  trichloroacetic  acid  and  55%  sulfuric  acid  in  acetic  an 
orange  color  was  obtained  which  did  not  change  to  blue-green  even  after  a  time  interval. 

Methyldiphenylenecarbinol  is  sparingly  soluble  in  concentrated  sulfuric  acid.  The  light  brown  solution 
obtained  gives  an  absorption  curve  with  a  well-defined  band  in  the  visible  region  of  the  spectrum  at  4950  A  and 
€  =  200.  A  band  with  maximum  at  2820  A  and  €  =  20000  lies  in  the  ultraviolet  region  of  the  spectrum.  There 
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Fig.  3.  Ethyidiphenylcarbinol:  1)  in  C2H5OH.  Fig.  4.  Dimethyl phenylcarbinol:  1)  in  QHsOH, 

2)  in  cone.  {^804.  Methyldiphenylenecarbinol:  2)  in  cone.  H2SO4,  3)  in  90*70  CCI3COOH.  Di- 

3)  in  C2H5OH,  4)  in  cone.  M2SO4.  methylanisylcarbinol:  4)  in  cone.  H2S04,  5)  in 

30*70  II2SO4  in  CHjCOOH. 

is  a  marked  inflection  in  the  long-wave  region  of  this  curve  (Figure  3,  Curve  4),  The  ultraviolet  region  of  the 
curve  as  a  whole  resembles  the  curve  of  the  ethanol  solution. 

Methyldiphenylenecarbinol  did  not  give  a  blue-green  coloration  in  trichloroacetic  acid  or  in  55*70  sulfuric 
acid  in  glacial  acetic. 

Dime thylpheny lea rbinol  in  concentrated  sulfuric  acid  solution  gives  an  orange-red  color  and  shows  a  bright 
light-green  fluorescence  under  ultraviolet  light.  Selective  absorption  is  shown  in  the  absorption  spectrum  of  this 
solution  by  four  Bands  (1-IV)  (Figure  4,  Curve  2). 


The  curve  for  tlie  solution  of  this  carbinol  in  trichloroacetic  acid  (Figure  4,  Curve  3)  differs  in  appearance 
from  that  of  the  sulfuric  acid  solution.  It  has  only  one  absorption  band  witli  a  maximum  at  4920  A  and  e  =  0.6. 
The  remaining  part  of  the  curve  approaches  the  absorption  curve  of  the  ethanol  solution  after  two  inflections. 

Dimethyl-p-anisylcarbinol  gives  a  red  solution  in  concentrated  sulfuric  acid  [5].  Its  absorption  spectriun 
is  characterized  by  a  curve  with  four  absorption  Bands  (1-lV)  (Figure  4,  Curve  4). 
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In  the  absorption  curve  of  dimethyl-p-anisylcarbinol  in  30*7^  sulfuric  acid  in  acetic  (Figure  4,  Curve  5)  a 
splitting  of  the  long  wave  band  into  two  parts  with  maxima  at  5100  and  4450 A  and  e  =  160  takes  place.  Two 
other  bands  are  displaced  towards  the  short  wave  region  and  have  maxima  at  3340  A  and  e  =  1000  and  at  2800  A 
and  c  =  3300.  The  band  of  shortest  wavelength  is  missing  from  diis  curve  as  a  result  of  the  absorption  by  acetic 
acid  in  this  region  of  the  spectrum. 

DISCUSSION  OF  RESULTS 

Our  spectrographic  study  of  the  behavior  of  aromatic  carbinols  in  strong  acids  shows  that  all  of  them,  al¬ 
though  colorless  comjMunds,  give  colored  solutions  by  interaction  with  the  acids.  The  absorption  curves  of  such 
solutions  in  the  medium  and  short-wave  ultraviolet  show  as  a  rule  the  selective  absorption  characteristic  of  the 
ethanol  solutions.  In  the  visible  region  of  the  spectrum  and  at  its  border  new  bands  appear  which  are  present 
only  in  the  acid  solutions  and  which  disrppear  on  dilution  with  water  or  with  organic  solvents.  This  property  is 
typical  of  materials  which  are  capable  of  showing  halochromisra. 

As  is  known,  the  phenomenon  of  halochromism  of  triphenylcarbinol  has  been  well  studied  [6]  and  involves 
the  acid -base  reaction: 


(CeH5)3C0H-i-2H2S04  [(CeMr.^Cr  h- 2HSOi- H3O+. 


The  formation  of  the  carbonium  ion  is  the  cause  of  the  appearance  of  the  color,  so  that  its  removal  as  a 
result  of  hydrolysis  or  solvolysis  of  the  carbonium  salt  leads  to  decolorization  of  the  solution.  The  existence  of 
carbonium  ions  has  been  confirmed  in  many  studies  by  electrolysis,  conductivity  measurements,  cryoscopy,  ab¬ 
sorption  spectra  measurement  and  by  chemical  methods.* 

Since  all  the  carbinols  studied  behave  in  analogous  fashion  irrespective  of  the  number  of  aromatic  radicals 
present  in  their  molecules  it  may  be  assumed  that  they  all  undergo  a  similar  acid-base  reaction  with  the  forma¬ 
tion  of  the  corresponding  carbonium  salts,  whose  cations  are  responsible  for  the  color  of  the  solutions: 


HO-CoHi 


\ 


(CeHs)*^ 


COH  2HX 


H(CH3,  C2H5) 

I 


2HX 


(CeH6)2=C-OH-H2HX 
C6H4.  /CH3 

C6H4/  ^OH 
CH3 

(CH30)CeH5— C-OH  2HX 


rHO-C6H4s^ 

L  - 

H(CH3.  C2H5) 

I 


-{CeH5)2 — C 


J 


■CeH4s. 

1  >C-CH3 

LC0H4/  J 


2X--HH30+; 

*■ 

-<-2X--»-H30-^; 

2X--<-H30+; 


CH3n 

(CH30)C6H5-C 

CHoJ 


2X--I-H30+. 


*  See  especially  [6-17]. 
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The  absorption  curves  of  the  different  types  of  carbonium  ion  are  so  characteristic  that  the  ions  can  ap¬ 
parently  be  identified  by  their  absorption  spectra. 

The  behavior  of  mediyldiphenylcarbinol  was  unexpected  in  that  it  gave  a  blue-green  solution  in  trichloro¬ 
acetic  acid,  in  contrast  to  the  orange  color  of  the  sulfuric  acid  solution,  and,  which  is  particularly  interesting, 
gave  the  same  color  in  a  sulfuric  acid  solution  in  glacial  acetic.  As  we  have  seen  earlier,  additional  long  wave 
bands  are  present  in  tlie  absorption  curves  of  these  solutions.  The  nearest  homolog, ethyldiphenylcarbinol.does 
not  show  this  property. 

An  attempt  to  find  some  difference  in  the  behavior  of  the  differently  colored  solutions  of  methyl-  and 
ethyldiphenylcarbinol  in  trichloroacetic  acid  using  cryoscopic  methods  was  unsuccessful,  since  the  coefficient 
i  for  both  compounds  changed  in  identical  fasliion  with  time  and  reached  a  value  of  the  order  of  7, 


Time  (in  hours)  |  Methyldiphenylcarbinol  fM=198)  |  Ethyldiphenylcarbinol  (M=2 12) 


j  apparent  mole- 
tcular  weight 

1 

i 

apparent  mole¬ 
cular  weight 

i 

0.5 

79.2 

2.5 

1 

76.1 

1 

2.8 

2 

58.2 

3.4 

66.7 

3.2 

24 

48.1 

4.1 

48.8 

4.2 

48 

28.9 

6.9 

33.1 

6.4 

72 

26.1 

7.6 

29.1 

7.2 

In  the  determination  of  ^  for  methyldiphenylcarbinol  in  sulfuric  acid  the  value  4  was  obtained  [18],  which 
agrees  well  with  acid-base  reaction; 

CH 

^  -H  2H2SO4  [(CeHslaC-CHg]^  -1-  2HSO4-  -h  H3O+. 

\OH 

For  diphenylcarbinol  in  analogous  conditions,  however,  this  value  also  changed  with  time  and  rose  to  6 
[16],  It  is  possible  that  in  trichloroacetic  acid  further  processes  involving  the  formation  of  carbonium  ions  take 
place  in  addition  to  the  acid-base  reaction. 

Thus  the  problem  of  the  anomalous  halochromism  of  methyldiphenylcarbinol  remains  obscure  and  requires 
further  study. 

Synthesis  and  Purification  of  Specimens 

The  triphenylcarbinol  was  synthesized  from  phenyl  magnesium  bromide  and  ethyl  benzoate  [19].  For  the 
spectrographic  work  the  product  was  recrystallized  repeatedly  from  ethyl  alcohol.  The  triphenylcarbinol  obtained 
melted  at  162*.  which  agrees  with  the  literature  data  [20]. 

The  4-hydroxytriphenylcarbinol*  used  was  specially  prepared  for  physicochemical  studies. 

The  diphenylcarbinol  was  prepared  from  phenyl  magnesium  bromide  and  benzaldehyde  [21],  On  recrystal¬ 
lization  from  a  small  volume  of  ethyl  alcohol  it  melted  at  69*.  confirmed  by  literature  data  [22]. 

The  methyldiphenylcarbinol  was  synthesized  from  phenyl  magnesium  bromide  and  ethyl  acetate  [23].  After 
recrystallization  from  ethyl  alcohol  the  product  melted  at  83*  which  agrees  with  the  literature  data  [24]. 

The  ethyldiphenylcarbinol  was  obtained  from  phenyl  magnesium  bromide  and  ethyl  propionate  [25].  The 
product  recrystallized  from  alcohol  had  m.p.  95*,  as  given  by  the  authors. 

The  methyldiphenylenecarbinol  was  obtained  from  phenyl  magnesium  iodide  and  fluorenone  [26].  A  pure 
colorless  product  was  obtained  by  recrystallization  from  dichloroethane.  The  m.p.  174*  agreed  with  the  data 
given  in  the  method. 

*  The  specimen  was  kindly  made  available  by  I.  S.  Ioffe  to  whom  we  are  extremely  grateful. 


The  dimethylphenylcarbinol  was  synthesized  from  phenyl  magnesium  bromide  and  acetone  [27].  The  pro¬ 
duct  was  redistilled  repeatedly  in  vacuo  from  a  flask  with  a  fractionating  column  IS  cm  in  length.  Part  of  die 
fraction  distilling  at  90*  and  10  mm  was  taken  for  study  in  accordance  widi  the  data  given  in  die  method. 

The  dimethylanisylcarbinol  was  prepared  from  anisyl  magnesium  bromide  and  acetone  [5,  p.  1082].  It  was 
purified  by  vacuum  distillation  in  the  same  way  as  dimethylphenylcarbinol.  The  product  was  collected  at  105* 
and  5  mm. 

The  absorption  spectra  were  measured  using  a  photographic  method  [28,  29]. 

In  conclusion  we  have  to  express  our  gratitude  to  A.  N.  Terenin  for  Interest  shown  and  valuable  advice 

given. 


SUMMARY 

1.  A  spectrographic  study  has  been  made  of  the  behavior  of  triphenylcarbinol,  4-hyroxytriphenylcarbinol, 
diphenylcarbinol,  mediyl-  and  ethyldiphenylcarbinol,  methyldiphenylenecarbinol,  dimethylphenylcarbinol  and 
dimethylanisylcarbinol  in  concentrated  sulfuric  acid,  90%  trlchloroacedc  acid  apd  a  solution  of  sulfuric  acid  in 
glacial  acetic. 

2.  All  the  carbinols  studied  are  capable  of  showing  halochromism  inrespectlve  of  the  number  of  aromatic 
radicals  in  their  molecules. 

3.  From  the  absorption  spectra  and  the  behavior  of  the  acid  solutions  it  is  concluded  that  the  cause  of  color 
production  is  the  formation  of  carbonium  ions. 

4.  Anomalous  behavior  has  been  observed  in  the  halochromism  of  methyldiphenylcarbinoL 
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SPECTRA  AND  HALOCHROMISM 


II.  HALOCHROMISM  OF  TERTIARY  ALICYCLIC  AND  ALIPHATIC  ALCOHOLS 

V.  F.  Lavrushin  and  N.  N.  Verkhovod 


The  phenomenon  of  halochromism  has  been  studied  in  a  large  number  of  aromatic  carbinols  containing 
for  the  most  part  three  aromatic  radicals.  A  few  works  are  devoted  to  halochromism  in  aliphatic -aroma tic 
carbinols  [1-3].  The  halochromism  of  tertiary  alcohols  has  been  very  little  studied  and  the  opinion  has  even 
been  expressed  [1]  that  they  are  incapable  of  showing  halochromism.  New  data  have  appeared  in  die  literature 
in  recent  years  [2,  4,  5],  however,  on  the  basis  of  which  it  may  be  assumed  that  tertiary  alcohols  are  also  capable 
of  showing  halochromism. 

On  testing  the  behavior  of  different  tertiary  alcohols  in  concentrated  sulfuric  acid  we  discovered  that  diey 
formed  colored  solutions.  Since  this  fact  has  considerable  significance  in  establishing  the  relationship  between 
color  and  the  molecular  structure  of  organic  compounds  we  undertook  a  spectrographic  study  of  die  behavior  of 
tertiary  alicyclic  arid  aliphatic  carbinols  in  concentrated  sulfuric  acid. 

Tertiary  C  y  c  lohe  xa  no  Is 

1-Phenylcyclohexanol  dissolves  only  slowly  in  concentrated  sulfuric  acid  but  the  yellow  color  of  die  solu¬ 
tion  appears  immediately.  On  illuminating  this  solution  with  ultraviolet  light  a  light-green  fluorescence  appears. 
The  absorption  curve  of  the  solution  has  four  absorption  Bands  (1-lV)  (Figure  1,  Curve  2).‘ 
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This  absorption  curve  somewhat  resembles  the  curve  for  a  sulfuric  acid  solution  of  dimethylphenylcarbinol 
but  differs  from  it  in  the  very  high  intensity  of  the  first  band,  which  has  a  second  broad  inflection  in  the  long 
wave  region  between  5500  and  4500  A. 

1  -Cyclohe xylcyclohexa nol- 1  gives  a  yellow  color  on  addition  of  concentrated  sulfuric  acid,  but  the  solu¬ 
tion  is  turbid  at  first  and  only  becomes  transparent  after  several  hours.  It  shows  a  light-green  fluorescence  in 
ultraviolet  light. 

The  absorption  spectra  of  the  sulfuric  acid  solution  were  measured  10  hours  after  addition  of  the  sulfuric 
acid.  The  curve  obtained  has  a  broad  sloping  inflection  between  5500  and  3500  A,  after  which  comes  an  intense 
broad  absorption  band  with  a  maximum  at  3220  A  and  c  =  3800  (Figure  1,  Curve  3). 

1-Ethylcyclohexanol-l  gives  a  yellow  coloration  when  concentrated  sulfuric  acid  is  added.  The  initially 
turbid  solution  becomes  fully  transparent  after  several  hours.  On  illuminating  the  solution  with  ultraviolet  light 
a  light-green  fluorescence  is  again  observed. 
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Fig.  1.  1)  1-plienylcyclohexaiiol-l  in  CjHsOH, 

2)  in  cone,  3)  1-cyclohexylcyclohexanol- 

1  in  cone.  H2S04,  4)  1-etliylcyclohexanol-l  in 
cone,  H2S04,  5)  dimediylphenylcarbinol  in 
CjHsOH,  6)  in  cone,  H2S04, 
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Fig,  2.  1)  trimethylcarbinol  in  cone.  H2S04,  2)  di- 
methylethylcarbinol  in  cone.  H2SO4,  3)  dimethyl- 
butylcarbinol  in  cone.  H2SO4,  4)  diethylpropyl- 
carbinol  in  cone,  H2SO4,  5)  diisobutylene  in  cone, 
112804. 


The  absorption  curve  of  the  sulfuric  acid 
solution  (Figure  1.  Curve  4)  has  a  broad  inflection 
in  the  long  wave  region  and  a  well-defined  absorp' 
tion  band  in  the  near  ultraviolet  with  a  maximum  at  3330  A  and  g  =  2500.  The  complete  curve  resembles  the 
absorption  curve  of  1-cycloliexylcyclohexanol-l  but  its  absorption  band  has  a  nanower  peak  and  lies  slightly  dis¬ 
placed  towards  the  long-wave  region. 


Tertiary  Alcohols  and  D  i  i  sob  u  t  y  1  e  ne 

All  the  tertiary  aliphatic  alcohols  studied  dissolved  in  concentrated  sulfuric  acid  and  rapidly  formed  trans¬ 
parent  yellow-colored  solutions  showing  a  bright  light-green  fluorescence  in  ultraviolet  light. 

Trimethylcarbinol  in  sulfuric  acid  solution  gives  an  absorption  curve  with  a  broad  inflection  between  5000 
and  3200  A  and  an  intense  absorption  band  with  a  maximum  at  3000  A  and  c  =  1350,  A  second  scarcely  notice¬ 
able  absorption  maximum  lies  in  the  short  ultraviolet  at  2370  A  and  €  =  303  (Figure  2,  Curve  1). 

Dimethylethylcarbinol  in  sulfuric  acid  solution  gives  an  absorption  spectrum  analogous  to  that  of  trimethyl¬ 
carbinol.  Its  curve  has  a  more  intense  inflection  between  5000  and  3200  A  and  a  well-defined  absorption  band  of 
lower  intensity  with  a  maximum  at  2990  A  and  €  =  740.  A  poorly-defined  maximum  is  also  shown  in  the  short¬ 
wave  region  of  the  curve  at  2380  A  and  €  =  186  (Figure  2,  Curve  2). 

Dimethylbutylcarbinol  in  sulfuric  acid  solution  also  shows  a  similar  absorption.  The  curve  has  an  inflection 
of  low  intensity  between  5000  and  4000  A  and  a  distinct  intense  absorption  band  with  a  maximum  at  2910  A  and 
6  =  1205,  A  second  poorly-defined  absorption  maximum  lies  at  2370  A  and  6  =  220  (Figure  2,  Curve  3). 

Diethylpropylcarbinol  in  concentrated  sulfuric  acid  shows  an  absorption  identical  with  the  other  carbinols, 
with  an  inflection  in  the  long-wave  region  between  5000  and  3700  A  and  an  absorption  band  with  a  maximum  at 
3000  A  and  €  =  346,  after  which  comes  a  very  weak  maximum  at  2240  A  and  c  =  15.8  (Figure  2,  Curve  4), 

Diisobutylene  in  concentrated  sulfuric  acid  solution  behaves  like  the  tertiary  aliphatic  alcohols  and  forms 
a  yellow  solution  which  has  an  intense  light-green  fluorescence  in  ultraviolet  light. 

Its  absorption  curve  also  has  a  broad  inflection  between  5000  and  3800  A  and  two  absorption  maxima.  The 
first  of  these  lies  on  a  distinct  intense  band  at  3000  A  and  g  =  760,  while  the  second  is  a  weak  maximum  at 
2340  A  and  £  =  177  (Figure  2,  Curve  5). 
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When  diluted  with  water,  alcohol  and  other  solvents  all  the  sulfuric  acid  solutions  of  the  compounds  studied 
lost  their  color  and  their  ability  to  fluoresce. 

Discussion  of  the  Absorption  Spectra 

The  production  of  color  when  colorless  compounds  are  dissolved  in  concentrated  sulfuric  acid  has  been 
called  halochromisni  [6]. 

The  halochromism  of  aromatic  carbinols  has  been  well  studied  [7]  and  involves  an  acid-base  reaction,  for 
example  [8.  9]: 


(CeHfilaCOH  2H2SO4  [(C8H5)C3l+ -h  2HSOr H3O+. 


The  organic  cation  formed  in  this  reaction  is  responsible  for  the  color  produced.  On  comparison  of  the 
absorption  curves  of  the  acid  solutions  of  the  aromatic  carbinols  with  those  of  their  neutral  solutions  one  or 
several  new  absorption  bands  are  observed  [10.  11], 

The  behavior  in  concentrated  sulfuric  acid  of  the  alicyclic  and  aliphatic  carbinols  studied  by  us  is  typical 
of  compounds  showing  halochromic  properties. 

The  appearance  of  color  in  the  sulfuric  acid  solutions  of  these  compounds  is.  in  our  opinion,  similarly  con¬ 
nected  with  the  formation  of  carbonium  ions: 

^HN/^”-f-2H2S04^^  -k2HS04~-4-H30. 

\_/  \r  — /  \r 

R3COH  2H2SO4  R3C+  ■+■  2HSOi"  -I- 


On  comparison  of  the  absorption  spectra  of  acid  solutions  of  trimethylcarbinol  and  diisobutylene  they  are 
seen  to  have  identical  absorption  curves.  On  this  basis  it  may  be  concluded  that  for  tertiary  alcohols  formation 
of  mote  complex  carbonium  ions  is  possiblet  as  a  result,  for  example,  of  further  condensation  processes.  In  spite 
of  the  fact  that  this  process  appears  probable  [12.  13]  it  is  difficult  to  resolve  the  question  from  absorption  curves 
alone,  since  other  alcohols  give  identical  absorption  spectra.  Tertiary  aliphatic  alcohols  in  general,  irrespective 
of  the  structure  of  the  radicals  present,  have  apparently  the  same  absorption  spectrum. 

The  question  of  whether  the  color  of  the  acid  solution  is  connected  with  the  carbonium  ion  initially  formed 
or  with  an  ion  formed  as  a  result  of  further  changes  is  not  of  great  importance;  the  most  interesting  and  important 
fact  in  this  case  is  that  halochromic  properties  are  shown  by  tertiary  alcohols. 

The  absorption  curves  of  the  sulfuric  acid  solutions  of  the  carbinols  and  of  diisobutylene  diluted  witti  ethyl 
alcohol  have  the  general  absorption  characteristics  of  a  solution  of  diisobutylene  in  1.8%  sulfuric  acid  (Figure  3) 
since  the  olefin  is  formed  on  dilution. 

As  early  as  1909  Oddo  and  Scandola  [141  in  a  study  of  the  behavior  of  alcohols  in  anhydrous  sulfuric  acid, 
discovered  the  formation  of  yellow  or  pale  yellow  colors  with  a  series  of  alcohols,  in  contrast  to  methyl  and  ethyl 
alcohols.  The  yellow  color  appeared  particularly  rapidly  on  dissolving  trimediylcarbinol  and  dimethylethyl- 
carbinol  in  acid.  On  pouring  these  solutions  into  ice-'water  the  formation  of  unsaturated  hydrocarbons  was  ob¬ 
served. 

Skraup  and  Freundlich  [1]  in  1922  observed  the  formation  of  a  yellow  color  from  the  interaction  of  triisobutyl- 
carbinol  with  sulfuric  acid;  they  were  of  the  opinion,  however,  that  the  phenomenon  of  halochromism  was  impos¬ 
sible  for  aliphatic  compounds  since  in  such  cases  the  possibility  of  formation  of  a  quinonoid  radical  is  excluded. 

In  subsequent  years  a  number  of  works  appeared  showing  that  this  view  was  mistaken. 

Thus,  in  1932  the  formation  of  a  red  color  was  observed  in  an  aqueous  solution  of  tripropenylcaibinol  under 
the  influence  of  H-ions  [15].  In  later  work  Gordon  and  Burwell  [16.  17]  and  D.  N.  Kursanov  and  co-workers  [18. 

19]  established  that  saturated  hydrocarbons,  even  when  containing  only  one  tertiary  carbon  atom,  form  solutions 
in  sulfuric  acid  varying  in  color  from  yellow  to  red. 
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Fig.  3.  After  dilution  of  tlie  sulfuric  acid 
solutions  with  CjHgOH.  1)  trimetliylcar- 
binol.  2)  dimethylethylcarbinol,  3)  di- 
metbylbutylcarbinol,  4)  diethylpropyl- 
carbinol,  5)  diisobutylene,  6)  diisobutylene 
in  1.8*7'' H2SO4  in  C2H5OH,  7)  trimethyl- 
carbinol  in  cone.  H2SO4. 


It  lias  been  confirmed  by  ourselves,  D.  N.  Kursanov  and 
V.  N.  Setkina  [41  that  the  color  of  these  solutions  is  connected 
with  tiie  oxidation  of  the  hydrocarbons  and  the  formation  of 
carbonium  salts,  whose  cation  is  responsible  for  the  halochromic 
properties  of  the  solutions.  In  addition,  it  was  discovered  by 
D,  N.  Kursanov  and  V.  N.  Setkina  [20]  that  aliphatic  ketones 
also  give  yellow-orange  solutions  in  concentrated  sulfuric  acid. 
The  color  of  these  solutions  disappears  on  pouring  into  water  or 
on  neutralization  with  soda. 

In  1953  Welcli  and  Smith  [5],  studying  the  decomposition 
of  diphenylacetic  acid  and  Us  derivatives  by  the  action  of  sul¬ 
furic  acid  according  to  the  equation 

(CgHsljCHCOOH-^  21 12804  ^  [(CsIl5)2CH]+  +  2HS07+ H3O++ CO. 

observed  the  formation  of  yellow  and  red-orange  colors  and  the 
separation  of  up  to  65*7’ CO  for  dicyclohexylacetic  acid. 

The  formation  of  the  trimethylcarbonium  cation  from  the 
interaction  of  the  appropriate  esters  or  of  trimethylcarbinol  it¬ 
self  with  sulfuric  acid  has  been  postulated  many  times  [21-23]. 


In  a  cryoscopic  study  of  the  behavior  of  trimethylcarbinol 
in  sulfuric  acid  at  temperatures  below  14*.  Newman,  Craig  and  Garrett  [22]  found  that  the  initial  value  2.3  of 
the  coefficient  obtained  increased  with  time  and  approached  the  value  4.  In  our  opinion  this  may  come  about 
as  a  result  of  processes  which  the  authors  have  considered  improbable  for  tertiary  aliphatic  alcohols: 


(CH3);,C0H  f  HoSO^  (CH;,)..,COHt  -t-HSOf. 

(CH.OaCOH^  (CH3)3C+  -+  H^O, 

HgO-t  H2SO4  H;,0+-+- HSO7. 


These  processes  may  be  summarized  by  the  equation: 

(CH,,);,COH  t-  2HaSO,  (CH3).,C+  -1^  2HSO^  HgO-*  . 

The  fact  that  at  a  higher  temperature  after  a  much  longer,  period  of  time  the  isotonic  coefficient  becomes 
approximately  5  may  be  connected  with  further  changes  undergone  by  the  trimethylcarbonium  ion.  Thus  on 
cryoscopic  study  of  diphenylcarbinol  in  sulfuric  acid  values  of  the  isotonic  coefficient  of  die  order  of  5.0-6. 1 
were  obtained  after  24  hours,  yet  this  does  not  lead  one  to  doubt  the  possibility  of  the  formation  of  the  diphenyl- 
carbonium  ion  under  these  conditions  [24]. 

Confirmation  that  the  color  belongs  to  a  carbonium  ion  is  provided  by  die  recently  achieved  synthesis  of 
tropyl  bromide  and  chloride  which  have  the  properties  of  salts.  The  yellow  color  of  the  tropyl  ion,  like  that  of 
the  sulfuric  acid  solutions  of  tertiary  alcohols,  arises  in  the  long  wave  region  of  the  absorption  curve  [25]. 

Synthesis  and  Purification  of  Specimens 

The  1 -phenylcyclohexanol-1  was  synthesized  from  phenyl  magnesium  bromide  and  cyclohexanone  [26]. 
The  purified  specimen  melted  at  62. 5-63.0*  which  agrees  with  the  literature  data  [27]. 

The  1 -cyclohexylcyclohexanol- 1  was  synthesized  from  cyclohexyl  magnesium  bromide  and  cyclohexanone 
[26].  After  repeated  recrystallization  the  specimen  melted  at  50.5-51.0*. 
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The  1-ethyIcyclohexanol-l  was  prepared  from  ethyl  magnesium  iodide  and  cyclohexanone  ^26].  After 
vacuum  distillation  the  product  was  purified  on  an  alumina  chromatogiaphic  column,  n^^  1.4610, 

Kalbaum's  trimethylcarbinol  was  redistilled  and  the  fraction  with  b.p.  83*  was  collected.  After  freezing 
out  it  was  purified  by  chromatographic  absorption  on  alumina.  Since  in  this  process  the  trimethylcarbinol  it  disi 
placed  by  water,  it  was  obtained  as  a  molecular  compound  with  water,  b.p.  80.0*  [28],  n^  1.3860. 

The  dimethylethylcarbinol  was  synthesized  from  ethyl  magnesium  iodide  and  acetone  [29].  The  fraction 
collected  at  102*  was  purified  chroinatographically  on  alumina,  1,4060. 

The  dimethylbutylcarbinol  was  obtained  from  butyl  magnesium  bromide  and  acetone.  The  fraction  distil¬ 
ling  at  140*  [30]  was  collected  and  purified  by  chromatographic  absorption,  n^  1.4220. 

The  diethylpropylcarbinol  was  synthesized  from  ethyl  magnesium  iodide  and  methyl  butyrate  pi].  The 
fraction  collected  at  160*  was  afterwards  purified  on  a  chromatographic  column,  njj  1.4175. 

The  diisobutylene  was  synthesized  from  trimethylcarbinol  by  warming  on  a  water  bath  witfi  dilute  (1;  1) 
sulfuric  acid  [13].  The  fraction  distilling  at  103.5*  was  collected  and  subsequently  purified  by  chromatography 
on  alumina,  n^  1.4110, 

From  the  Raman  scattering  spectra  of  diisobutylene  it  was  established  that  it  consisted  of  a  mixture  of 
approximately  equal  quantities  of  2,4,4-trimethylpentene-l  and  2,4,4-trimethylpentene-2  [32]. 

The  absorption  spectra  of  the  alicyclic  carbinols  were  measured  by  the  photographic  method  on  the  quartz 
spectrograph  lSP-22.  The  spectra  of  the  tertiary  aliphatic  carbinols  were  measured  using  the  spectrophotometer 
with  photoelectric  recorder  SPH-4. 

In  conclusion  we  have  to  express  our  gratitude  to  A.  N.  Terenin  for  interest  shown  in  the  work  and  for  valu¬ 
able  advice  given. 


SUMMARY 

1.  The  absorption  spectra  of  1-phenylcyclohexanol-l,  1-cycIohexylcyclohexanol-l,  1-ethylcyclohexanol-l, 
trimethylcarbinol,  dimethylethylcarbinol,  dimethylbutylcarbinol,  diethylpropylcarbinol  and  diisobutylene  in  con¬ 
centrated  sulfuric  acid  have  been  studied. 

2.  It  has  been  established  that  all  the  compounds  studied  have  a  characteristic  absorption  spectrum  in  the 
visible  region. 

3.  From  the  behavior  of  the  acid  solutions,  their  absorption  spectra  and  the  literature  data  it  is  cottcluded 
that  the  cause  of  the  color  of  the  sulfuric  acid  solutions  of  tertiary  alicyclic  and  aliphatic  alcohols  is  the  forma¬ 
tion  of  carbonium  ions  by  an  acid -base  reaction. 
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CATALYTIC  REACTIONS  WITH  METALLIC  ALUMINUM 

II.  ALKYLATION  OF  BENZENE  WITH  CHLOROCYCLOHEXANE  AND 
C  HLOROC  YC  LOPENT  A  NE 

M.  B.  T  uro  V  a  -  Poly  a  k  and  I.  R.  Davydova 


The  catalytic  synthesis  of  cyclohexylbenzene  was  first  carried  out  by  N.  I.  Kursanov  [1]  by  alkylation  of 
benzene  with  chlorocyclohexane  in  the  presence  of  aluminum  chloride.  At  present  the  catalytic  synthesis  of 
cyclohexylbenzene  is  carried  out  by  alkylation  of  benzene  with  cyclohexene  in  die  presence  of  aluminum  chlo¬ 
ride  [2-41  sulfuric  acid  [4]  and  hydrogen  fluoride  [51  as  well  as  by  alkylation  of  benzene  with  cyclohexanol  In 
the  presence  of  aluminum  chloride  [6]  and  boron  fluoride  [7]. 

Besides  that,  cyclohexylbenzene  was  obtained  by  alkylation  of  benzene  with  cyclohexene  in  the  presence 
of  metallic  aluminum  with  the  addition  of  butyl  chloride  [8]. 

S.  S.  Nametkin  [9]  was  the  only  one  to  obtain  cyclopentylbenzene  catalytically  by  alkylation  of  benzene 
with  cyclopentene  in  the  presence  of  aluminum  chloride. 

In  developing  our  investigations  on  alkylation  of  benzene  with  halogen  derivatives  in  the  presence  of 
metallic  aluminum  [101  we  decided  to  study  the  alkylation  of  benzene  with  chlorocyclohexane  and  chlorocyclo- 
pentane.  In  this  work  we  were  able  to  find  conditions  under  which  the  cyclohexyl-  and  cyclopentylbenzene 
yields  reached  90-95®!^  on  the  chloro  derivative  used  for  the  reaction. 

We  showed  in  this  work  that  0.015  g-atom  of  metallic  aluminum  per  1  mole  of  chloro  derivative  was  suf¬ 
ficient  for  the  reaction.  However,  a  part  of  the  aluminum  remained  unused  even  with  such  a  ratio  of  reacting 
components.  The  unreacted  metallic  aluminum  may  be  used  again  and  in  its  presence  the  monoalkylbenzene 
yield  increased  almost  twice.  This  is  explained  by  the  fact  that  the  surface  of  the  metallic  aluminum  was  acti¬ 
vated  by  the  hydrogen  and  aluminum  chlorides  formed  in  die  reaction  process. 

We  further  established  that  an  increase  in  benzene  concentration  in  the  reaction  mixture  favored  a  higher 
monoalkylbenzene  yield.  An  increase  in  yield  of  polyalkylbenzenes  -  dicyclohexyl-  and  dicyclopentylbenzene*  — 
was  observed  on  increasing  the  concentration  of  chloro  compounds  in  the  reaction  mixture.  The  dialkylbenzenes 
consisted  of  para  -  and  meta-isomers.  The  para -isomer  content  was  increased  by  a  decrease  in  the  concentration 
of  chloro  compounds  in  the  original  mixture,  while  the  meta-isomer  content  was  increased  with  an  increase  in 
concentration  of  chloro  compounds.  o-Dicyclohexyl-  and  o-dicyclopentylbenzenes  were  not  found  in  the  reac¬ 
tion  products.  By  considerably  increasing  the  concentration  of  the  chloro  compounds  mainly  polycycldiexyl-  and 
polycyclopentyl-benzenes  may  be  obtained. 

A  raise  in  reaction  temperature  favors  an  increased  polyalkylbenzenes  yield.  A  lower  temperature  and  thus 
a  lower  reaction  rate  favors  an  increased  mdnoalkylbenzene  yield. 


The  advantages  and  special  features  of  the  method  for  obtaining  cyclohexyl-  and  cyclopentylbenzenes  in 
the  presence  of  metallic  aluminum  developed  by  us,  as  compared  with  those  mentioned  above  [1-9],  consist  of 
the  following:  a  high  yield  of  alkylation  products,  use  of  small  amounts  of  metallic  aluminum,  possibility  of 
directing  the  reaction  either  toward  obtaining  monosubstituted  or  polysubstituted  benzenes,  the  simplicity  of 
isolating  the  individual  reaction  products  and  the  absence  of  side-reactions. 


r* 
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EXPERIMENTAL 


The  chlorocyclohexane,  required  for  the  reaction,  was  prepared  from  cyclohexanol  and  concentrated  hydro¬ 
chloric  acid  fill  ill  88’/<>  yield.  The  constants  of  tlie  chlorocylohexane  —  b.p.  142-143*(760  mm),  n^  1.4629, 
dj*  1.0000—  agreed  with  those  reported  in  the  literature:  b.p.  142*  (750  mm)  [12],  iip  1.4624  [13],  d^®  1.0000[13]. 

Similarly,  cldorocylopentane  was  prepared  from  cyclopcntanol  and  concentrated  hydrochloric  acid  In  82‘’7n 
yield  and  had  b.p.  115*  (760  mm)  n^  1.4511,  d^®  1,0048.  N,  D,  Zelinsky  [14]  reported  for  chlorocyclopentane 
b.p,  114-1 15.5*  (760  mm).  n|®  1.4510,  d^®  1.0051,  The  benzene (Uuophen free)  had  b.p.  80*  (760  mm),  nJJ  1.5010, 
dj®  0.87  90, 

The  reactions  were  carried  out  in  an  apparatus  described  in  a  previous  paper  [10],  The  starting  materials 
were  carefully  dried  and  distilled  immediately  before  the  experiment.  The  metallic  aluminum  was  cut  on  a 
lathe,  also  immediately  before  the  experiment,  and  stored  under  dry  benzene. 

In  the  alkylation  of  benzene  with  chlorocyclohexane  and  chlorocyclopentane,  the  reaction  mixture  was 
heated  on  a  water  bath  to  the  boiling  point  of  tlie  mixture  (85-90*),  The  duration  of  the  preliminary  heating 
(induction  period)  depended  on  the  proportions  of  the  components  taken  (10-15  minutes). 

The  appearance  of  bubbles  of  hydrogen  chloride  indicated  the  beginning  of  the  reaction.  If  heating  of  the 
reaction  mixture  on  the  water  bath  was  continued,  the  reaction  proceeded  extremely  vigorously  (athough  the 
temperature  fell  to  70-72*),  was  complete  in  a  few  minutes  and  was  accompanied  by  the  copious  evolution  of 
hydrogen  chloride.  The  reaction  mixture,  which  was  originally  colorless,  became  a  dark  orange  color. 

When  the  reaction  was  complete,  the  mixture  was  heated  for  a  further  10-15  minutes  until  the  evolution  of 
hydrogen  chloride  ceased. 

On  cooling,  the  reaction  product,  which  was  a  clear,  mobile  liquid,  was  decomposed  with  hydrochloric  acid, 
dried  with  calcium  chloride  and  fractionated  several  times. 

The  yields  of  the  alkylation  products  were  calculated  on  the  chlorocyclohexane  and  chlorocyclopentane 

taken. 

The  Effect  of  the  Ratio  of  the  Reaction  Components  on  the  Yield  of  Cyclohexyl- 
benzenes 

This  series  of  experiments  (Table  1)  was  carried  out  with  various  molar  ratios  of  benzene  and  chlorocyclo¬ 
hexane  from  1 : 2  to  20:  1  in  the  presence  of  0.05  g-at  of  aluminum  to  1  mole  of  chlorocyclohexane. 

The  following  fractions  were  isolated  by  distilling  the  alkylation  products:  1st,  excess  benzene,  2nd, 236- 
240*  (760  mm)  —  cyclohexylbenzene,  3rd, 240-365*  (760  mm)  —  dicyclohexylbenzenes. 

After  a  second  distillation  over  metallic  sodium,  the  fraction  from  236-240*  boiled  at  237.5-238.8*  (760  mm) 
and  had  the  constants: 

nJ5  1.5262.  d^®  0.9424,  MRp  52.22;  calc,:  51.81. 

According  to  Evans  [151  cyclohexylbenzene  has  the  following  constants:  b.p,  239  ±.6*  (760  mmX  n^  1.5260, 
dj®  0.9428. 

The  fraction  with  b.p.  240-365*  -  dicyclohexylbenzenes  —  was  a  mixture  of  a  rather  thick  oil  and  crystals, 
whose  composition  varied  with  the  molar  ratio  of  the  starting  materials.  The  crystals  were  filtered  off  on  a 
sintered  glass  filter  and  after  recrystallization  from  alcohol  they  melted  at  101-102*,  which  corresponds  to  p-di- 
cyclohexylbenzene. 

Found  <fr:  C  89.07,  89,01;  H  10.93,  10,90.  Cj8H2e.  Calculated  %:  C  89.18;  H  10.82. 

Nametkin  [3]  and  Braun  [16]  report  m.p.  101-102*  for  p-dicyclohexylbenzene. 

After  some  time  the  oily  liquid  yielded  another  crop  of  crystals  with  m.p.  101-102*.  The  remaining  oil 
distilled  at  325-335*  (760  mm)  [201 -202*  (14  mm)]  and  had  constants  corresponding  to  m-dicyclohexylbenzene: 
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ng  1.5367,  d5®  0.9710,  MRp  77.92;  cSlc.:  77.32.  Found  C  89.29,  89.37;  H  10.74^  10.66.  CaHn. 

Calculated  lo:  C  89.18;  H  10.82. 

According  to  Nametkin  (31  m-dlcyclohexylbenzene  has  b.p,  165- 168*  (3.5  mm\  ng  1.5362,  dj*  0.9668. 

With  component  ratios  of  2 : 1  and  1 :  1,  the  reaction  proceeded  somewhat  differently  than  in  the  other  ex¬ 
periments;  besides  the  oily  {voduct,  fine  crystals  settled  in  the  bottom  of  the  flask.  After  recrystallization  from 
benzene  they  melted  at  264-265*  and  corresponded  to  1.2,4v5-tetracyclohexylbenzene. 

Found  C  89.45,  89.40;  H  11.48,  11.49.  Calculated  C  88.59;  H  11.41, 

Nametkin  [3]  reported  m.p.  265*  for  1,2,4,5-tetracyclohexylbenzene. 

The  liquid  product  was  examined  as  in  all  the  rest  of  the  experiments  and  consisted  of  monocyclobexyl- 
benzene  and  a  mixture  of  dicyclohexylbenzenes. 

The  formation  of  only  p-  and  m -dicyclohexylbenzenes  from  benzene  and  cyclohexene,  chlorocyclohexane 
and  cyclohexanol  is  mentioned  in  the  papers  of  Nametkin  [3],  McKenna  [7]  and  Braun  [16]. 


TABLE  1 

The  Effect  of  the  Ratio  of  the  Reaction  Components  on  the  Yield  of  Cyclohexylbenzenes 


Rs  tio  OgHg ! 
rCgHuCl 
(in  moles) 

Induction 
period 
(in  min) 

Yield  of  cyclohexylbenzenes  (in  %) 

Composition  of  the  polycyclohexylbenzene 
fracticMi  (in  weight  '’Jo) 

monocyclo- 

hexylbenzene 

polycyclo- 

hexylbenzene 

p-dicyclohexyl- 

benzene 

m-dicyclo- 

hexylbenzene 

tetracyclo- 

hexylbenzene 

1:2 

1-2* 

5 

86 

— 

20 

80 

1:  1 

3 

16 

64 

- 

92 

8 

2:1 

4 

24 

67 

- 

- 

- 

4:  1 

10 

40 

53 

30 

70 

- 

5:1 

10 

46 

39 

- 

- 

- 

6:1 

10 

57 

37 

50 

50 

- 

7;  1 

13 

59 

33 

62 

38 

- 

20 

61 

32 

- 

- 

- 

15:  1 

30 

70 

24 

- 

- 

- 

20:1 

60 

72 

21 

— 

— 

— 

*  The  mixture  was  heated  at  its  boiling  point  on  an  oil  bath;  in  all  other  cases  the  mixture  was  heated  on  a  water 
bath. 


The  Effect  of  the  Ratio  of  the  Reaction  Components  on  the  Yield  of  Cyclopentyl- 
benzenes 

The  experiments  were  carried  out  with  mixtures  of  benzene  and  chlwocyclopentane,  in  ratios  of  from  2 ;  1 
to  15;  1  in  the  presence  of  0.05  g-at  of  metallic  aluminum  to  1  mole  of  chlorocyclopentane  (Table  2). 

The  following  fractions  were  isolated  by  distilling  the  reaction  products:  1st,  excess  benzene,  2nd,216-220* 
cyclopentylbenzene,  3rd, 220-315*-  dicyclopentylbenzenes. 

In  the  experiment  with  a  ratio  of  benzene;  chlorocyclopentane  of  2;  1,  a  4th  fraction  with  b.p.  315-365* 
was  isolated. 

After  a  second  distillation  over  metallic  sodium,  the  fraction  from  216-220*  had  the  following  constants; 

b.p.  217-219*  (760  mm),  ng  1.5290,  d|®0.9466,  MRp  47.73;  calc.  47.20.  Evans  data  [15]  for  cyclopentyl¬ 
benzene:  b.p.  219-220±0.5*(760  mm),  ng  1.528  0,  dj®0.9462. 

The  fraction  with  b.p.  220-315*  was  a  viscous  liquid  at  normal  temperatures  and  on  cooling  to  -17*  it  partly 
crystallized.  The  crystals  which  separated  were  quickly  filtered  off  on  a  sintered  glass  filter.  The  operation  was 
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repeated  until  no  more  crystals  separated.  After  recrystallization  from  alcohol,  we  isolated  p-dicyclopentyl 
benzene  with  m.p.  44-45*. 


Found‘d:  C  89.37.  89.41;  H  10.57,  10.51.  CigH,,.  Calculated  <7^  C  89.64;  H  10.36, 

Nametkin  [9],  who  first  Isolated  this  hydrocarbon,  reported  m.p.  42-43*  for  it. 

The  residual  oily  hydrocarbon  was  distilled  twice  over  sodium  at  304-305*  (760  mm)  and  had  constants 
which  were  close  to  those  of  m-dlcyclopentylbenzene; 


njj  1.5410,  d5®  0.9790,  MRp  68.81;  calc.  68.19.  Found  C  89.38,  89,42;  H  10.50,  10.43.  CigHjj. 
Calculated  %;  C  89.64;  H  10,36. 


m-Dicyclopentylbenzene  was  first  isolated  and  characterized  by  Nametkin  [9];  b.p.  154-156*  (4  mm),  n^ 


1.5409,  dj®  0.9805. 

TABLE  2 

The  Effect  of  the  Ratio  of  the  Components  on  the 


Yield  of  C’ 

/clopentylbenzenes 

Ratio 

Induction 

Yield  of  alkylbenzenes  (in  ’’Jo) 

C,H,: 

period 

monocyclo- 

polycyclo  - 

CjHjCl 
(in  moles) 

(in  min) 

pentylbenzene 

i 

pentylbenzene 

.2:  1 

3 

■  19 

63 

5;  1 

6 

44 

40 

7;  1 

6 

50 

41 

10:  1 

15 

56 

35 

15:  1 

45 

62 

23 

also  did  not  detect  the orthoi saner  of  dicyclopentylbenzene. 


In  the  experiment  with  a  molar  ratio  of  the 
reaction  components  of  2:  1.  on  cooling  the  fraction 
with  b.p,  315-365*  to  -  17*,  crystals  separated  Im¬ 
mediately.  They  were  isolated  and  after  recrystal¬ 
lization  from  alcohol,  they  melted  at  61-62*  and 
corresponded  to  tricyclopentylbenzene  ["9]. 

Found  <7o:  C  89.50,  89.47;  H  10.83,  10.79. 

CjiHjo.  Calculated  C  89.29;  H  10.71. 

The  liquid  remaining  after  the  separation  of 
tricyclopentylbenzene  was  a  mixture  of  p-  and  m- 
dicyclopentylbenzenes. 

In  the  alkylation  of  benzene  with  cyclopentene 
in  presence  of  aluminum  chloride,  Nametkin  [9] 


The  Effect  of  the  Amount  of  Metallic  Aluminum  on  the  Yield  of  Cyclohexyl-  and 
Cyclopentyl  benzenes 

In  all  the  preceding  experiments,  at  the  end  of  the  reaction  a  large  part  of  the  metallic  aluminum  remained 
unused;  therefore  we  carried  out  some  experiments  using  a  mialler  (by  2-3  times)  amount  of  aluminum.  How¬ 
ever,  it  was  shown  that  the  smaller  amount  of  aluminum,  down  to  0.015  g-at  of  aluminum  to  1  mole  of  chloro 
derivative,  affected  neither  the  yield  nor  the  composition  of  the  reaction  products  (Table  3). 


TABLE  3 


The  Effect  of  the  Amount  of  Aluminum  on  the  Yield  of  Alkylation  Products 


Ratio  C^Hjg :  C^Hj|CI 
and  CgH,:C5H9Cl 
(in  moles) 

Amount  of  aluminum 
(in  g-ai  per  1  mole 
of  chloro  derivative) 

Yield  (in  ’^o) 

monocyclo- 

hexylbenzene 

dicyclohexyl- 

benzene 

monocyclo- 

pentylbenzene 

dicyclopentyl¬ 

benzene 

5:  1 

0.05 

46 

39 

44 

39 

5:  1 

0.025 

46 

38 

45 

40 

5:  1 

0.015 

47 

38 

45 

40 

7:  1 

0.05 

59 

33 

50 

41 

7:  1 

0.025 

59 

33 

49 

40 

7:  1 

0.015 

57 

32 

50 

41 
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The  Effect  of  Activation  of  the  Aluminum  on  the  Yield  of  Cyclohexylbenzene  and 
Cyclopentylbenzene 

If  we  took  the  aluminum  remaining  from  a  previous  experiment,  which  had  a  rough  surface  and  was  covered 
with  a  thin  layer  of  a  viscous  brown  material  (complex),  and  at  once  added  it  to  a  new  portion  of  starting  materiak, 
then  the  reaction  began  immediately  and  was  accompanied  by  the  evolution  of  hydrogen  chloride  and  heating  up 
of  the  mixture  to  28-30*.  The  reaction  was  complete  in  approximately  one  hour. 

Using  aluminum  activated  in  this  way,  the  yield  of  monocyclohexyl-  and  monocyclopentylbenzenes  was 
sharply  increased  in  comparison  with  experiments  carried  out  with  freshly  cut  aluminum  turnings  (Table  4). 


TABLE  4 

The  Effect  of  Activation  of  the  Aluminum  on  the  Yield  of  Alkylation  Products 


Rstio 

and  CsHerCsHjCl 
(In  moles) 

Nature  of  the  catalyst  (of 
the  aluminum) 

Yield  of  alkylation  products  (in  %) 

monocyclo- 

hexylbenzene 

dicyclohexyl- 

benzene 

monocyclo- 

pentylbenzene 

dicyclo- 

pentylbenzene 

5:  1 

Freshly  cut  turnings 

47 

39 

44 

39 

5:  1 

Activated 

80 

16 

88 

13 

7:  1 

Freshly  cut  turnings 

59 

33 

50 

41 

7:  1 

Activated 

85 

10 

86 

4 

The  Effect  of  the  Reaction  Temperature  on  the  Yield  of  Cyclohexyl-  and  Cyclo- 
pentylbenzenes 

The  reaction  mediod  was  varied  slightly  to  elucidate  diis  problem.  The  reaction  mixture  was  heated  on  a 
water  bath  to  the  beginning  of  the  reaction  (evolution  of  the  first  bubbles  of  hydrogen  chloride).  Thereupon 


TABLE  5 

The  Effect  of  Temperature  on  the  Yield  of  Alkylation  Products 


Rdtio  1 

Yield  (in  %) 

and  CgHjrCjHjCl 

of  monocyclohexylbenzene  by  carrying 

of  monocyclopentylbenzene  by  carrying  out 

(in  moles)  1 

out  the  experiment 

the  experiment 

with 

without  heating  after  the  be- 

with 

without  heating  after  the  be- 

heating 

ginning  of  the  reaction 

heating 

ginning  of  the  reaction 

5:  1 

46 

69 

44 

78 

7;  1 

59  i 

80 

50 

83 

the  heating  was  discontinued;  the  temperature  fell  from  85-90*  to  28-30*  and  the  reaction  proceeded  slowly  for 
1.5-2  hours. 

Under  these  conditions  the  yield  of  monoalkylbenzenes  increased  significantly  (Table  5)  and  the  dialkyl- 
benzenes  formed  consisted  almost  entirely  of  the  para  isomers. 

SUMMARY 

1.  The  possibility  of  alkylation  of  benzene  with  chlorocyclohexane  and  chlorocyclopentane  in  die  presence 
of  metallic  aluminum  was  shown. 

2.  The  yield  of  cyclohexylbenzenes  and  cyclopentylbenzenes  reached  90-95%  on  the  chloro  derivative 
taken  for  the  reaction.. 

3.  Conditions  were  found  under  which  it  was  possible  to  obtain  either  mono-  or  poly  cyclohexyl-  and  cyclo¬ 
pentylbenzenes. 


3023 


LITERATURE  CITED 


[1]  N.  I.  Kursanov,  Liebigs  Ann.  318,  309(1901). 

[2]  D.  Bodroux,  Ann.  Chim..  (10)  11.  511  (1929). 

[3]  S.  S.  Nametkin  and  E.  S.  Pokrovskaya,  J.  Gen.  Chem.  7,  962  (1937). 

[4]  B.  B.  Corson  and  V.  N.  Ipatieff,  J,  Am,  Chem.  Soc.  59,  645  (1937). 

[5]  J.  H.  Simons  and  S,  Archer,  J.  Am.  Chem,  Soc.  60,  2952  (1938>. 

[6]  I.  P.  Tsukervanik  and  N.  G.  Sidorova,  J.  Gen,  Chem.  7,  641  (1937). 

[7]  J,  F.  McKenna  and  F.  J.  Sowa,  J,  Am,  Chem.  Soc,  59,  470  (1937).  ' 

[8]  N.  G.  Sidorova,  I,  P,  Tsukervanik  and  Z.  Kh.  Abidova,  Proc,  Acad.  Sci.  Uzbek  SSR  5,  33  (1953), 

[9]  S.  S,  Nametkin  and  E.  S.  Pokrovskaya.  J.  Gen.  Chem.  8,  699  (1938). 

[10]  M,  B.  Turova-Polyak  and  M.  A.  Maslova,  J.  Gen.  Chem.  26,  2185  (1956). 

[11]  J.  F,  Norris,  R.  S.  Mulliken,  J.  Am.  Chem.  Soc.,  42,  2097  (1920). 

[12]  W.  Markownikoff,  Liebigs  Ann,  302,  9(1898), 

[13]  M.  S.  Kharasch,  H.  C.  Brown.  J.  Am.  Chem.  Soc.  61,  2142  (1939). 

[14]  N.  Zelinsky,  Ber.  41,  2627  (1908) 

[15]  E.  B.  Evans,  J.  Inst.  Petroleum  Techn.  24,  537  (1938). 

[16]  I.  Braun,  Ber,  60,  1180  (1927). 

Received  October  20,  1955  Moscow  State  University 


3024 


HYDROGENATION  AND  H  Y  D  ROG  E  N  OL  Y  S I S  OF  a-ETHYL  AND 
a-PROPENYLFURAN  ON  RANEY  NICKEL  CATALYST 

N.  I.  Shuikin  and  I.  F.  Belsky 


We  had  shown  in  a  previous  paper  [1]  that  an  unusual  hydroge nolysis  of  the  furan  ring  occurred  during  the 
hydrogenation  of  furan  and  sylvan  on  a  Raney  nickel  catalyst.  Besides  the  products,  f<xmed  as  a  result  of  the 
splitting  of  the  furan  ring  at  the  C-O  bonds,  there  was  a  compound  in  the  catal)zate  whose  formation  required 
coupled  ("conjugated")  breaking  of  the  C-O  and  C-C-bonds  in  the  furan  ring.  We  also  considered  the  possibility 
of  the  formation  of  alcohols  with  a  lower  number  of  carbon  atoms  than  in  furan  or  sylvan;  furthermore,  the 
hypothesis  on  the  "conjugated"  breaking  of  the  furan  ring  was  experimentally  confirmed,  a-Ethyl-  and  a-pro- 
penylfurans  were  used  in  this  work  for  investigations  of  this  kind.  Conditions  were  found  for  the  comparatively 
smooth  conversion  of  these  compounds  into  the  corresponding  tetrahydro  derivatives^  and  their  hydrogenolysis 
was  studied  on  a  Raney  nickel  catalyst. 


EXPERIMENTAL 

The  hydrogenation  of  a-ethyl-  and  a-propenylfuran  was  carried  out  by  the  circulating  method  in  the  pre¬ 
sence  of  Raney  nickel,  which  we  used  previously  [1]  for  the  hydrogenation  of  furan  and  sylvan.  The  method  of 
carrying  out  the  experiments  was  the  same  as  in  the  previous  work. 

Synthesis  of  ot-ethylfuran  according  to  the  scheme: 


CH3COV 

CH3C0' 


(ID 


I-C-CH3 

II 

O 


(III) 


'-C-CH3 

|!i-NH2 


!  JcH2-CH3 

(IV) 


The  acetylation  of  furan  with  acetic  anhydride  using  hydriodic  acid  as  the  catalyst  was  carried  out  as  des¬ 
cribed  in  paper  [2],  The  a-acetylfuran  (II)  was  obtained  in  70%  yield  and  had  b.p.  46-48"  (7  mm)  and  m.p. 
30-31*.  a-Acetylfuran  hydrazone  (III)  was  prepared  by  boiling  a  solution  of  (II)  and  hydrazine  hydrate  in  ediyl 
alcohol  on  a  water  bath  for  5-6  hours.  After  distilling  off  the  alcohol  and  water  (temperature  of  liquid  not  less 
than  100"),  the  hydrazone  was  dried  with  calcium  chloride  and  decomposed.  We  established  that  it  was  possible 
to  use  nickel  deposited  on  aluminum  oxide  (30%  Ni)  for  decomposing  the  hydrazone  instead  of  platinum.  To  ob¬ 
tain  high  yields  of  a-ethylfuran  (IV)  (up  to  75-80%)  it  was  necessary  to  fulfill  several  conditions.  The  hydrazone 
had  to  be  carefully  dried;  the  caustic  potash,  used  for  decomposing  die  hydrazone,  had  to  be  roasted  to  free  it 
from  traces  of  moisture;  the  decomposition  had  to  be  carried  out  slowly  as  a  vigorous  reaction  produced  tar  arid 
considerably  lowered  the  yield  of  the  final  product.  The  a-ethylfuran  obtained  was  distilled  on  a  column  with 
an  efficiency  of  30  theoretical  plates: 

b.p.  91-91.5"  (750  mm),  d5®0.9018,  ng  1.4402,  MRp  28.11,  C,HgO;  calc.  28.42. 
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C,H,MjfRr 


Synthesis  of  nt -f>ropeiiyH 


s  e.irried  out  by  the  following  scheme: 


'I 


' _ c  ^ 


o 


(V) 


If  ]  ^.''9^1211^  I  I 

jLcH-CHa-CH;,  '  {  jcH=CH-Cfi,. 

I 

OH 

(VI)  (VII) 


Pure  a-propenylfuran  (VII)  was  isolated  by  distilling  the  dehydration  product  on  a  cohiinn  witli  an  efficiency 
of  SO  theoretical  plates: 

b.p,  IS2-1SS*(752  mm).  n^J  1.5098.  d^®  0.9457.  34.02.  CTllgt);  calc.  32.57. 


Catalytic  hydrogenation  of  g-ethylfnran  and  g-propenylfuran.  a-Ethylfuran.  in  portions  of  125  g,  was 
hydrogenated  at  175  and  225*  at  a  volume  rate  of  0.06  in  excess  hydrogen.  a-Propenylfuran.  in  similar  portions, 
was  hydrogenated  at  the  same  volume  rate  at  135  and  175*.  After  hydrogenating  both  the  compounds,  the  ac¬ 
tivity  of  tlie  catalyst  was  practically  unchanged.  At  175*  the  a-ethylfuran  was  converted  into  a-ethyltetrahydro- 
fnran  in  SO®’'  yield.  Raising  the  temperature  to  225*  lowered  the  yield  of  a-ethyltetrahydrofuran  to  40%  and 
correspondingly  increased  the  amount  of  products  of  hydrogenolysis  of  the  furan  ring.  The  a-ethyltetrahydrofuran 
possessed  the  following  constants: 


b.p.  106.5- 107*  (742  mm).  d5®0.8556.  n[5  1.4163.  MR^^  29.27.  CgHizO;  calc.  29.35. 

a-Propenylfiiran  showed  a  significantly  lower  resistance  to  hydrogenolysis  than  a-ethylfuran  or  sylvan  f  1]. 
At  175*  it  was  cleaved  to  85-90"^;  at  135*  a-propenylfuran  was  almost  quantitatively  hydrogenated  to  a-n-pro- 
penyltetrahydrofuran.  whicli  boiled  at  131.5-132.5*  (750  mm), 

d*®  0,8562.  ii“  1.4232.  33.98.  C7H14O.  calc.  33.97. 

The  study  of  the  hydrogenolysis  products  of  a-ethyl-  and  a-propenylfuran  was  quite  interesting  in  connec¬ 
tion  with  the  observations  that  we  had  made  previously  on  the  hydrogenation  of  furan  and  sylvan;  therefore  we 
carefully  studied  tlie  products  of  hydrogenolysis  of  the  furan  ring.  We  separated  them  into  narrow  fractions  and 
prepared  benzoates  for  tfiose  corresponding  to  alcohols, and  sernicarbazones  for  the  fractions  corresponding  to 
ketones.  The  analytical  data  are  given  in  Tables  I,  2  and  3, 


TABLE  1  * 


Hydrogenolysis  Products  of  g-Ethylfuran  at  175* 


1  lydroge  nolysis 
products 

Content  in 

catalyzate 
(in  '^) 

Boiling 

point 

(corr.) 

d^ 

20 

"d 

Melting  point 
of  benzoate 

Melting  point  of 
semicarbazone 

Peiiia  nol  -3 

23 

114-115* 

0.8175 

1.4136 

383-385* 

- 

He xa none -3 

8 

123-124 

0,8160 

1.4002 

- 

109-110* 

Hexanol-3 

67 

134-134.5 

0.8194 

1.4150 

- 

Hexa  nol-1 

2 

157-159 

0,8243 

1,4182 

404-406 

- 

*  In  Tables  1,  2  and  3  we  took  the  total  amount  of  hydrogenolysis  products  of  a-ethyl-  and  a-propenylfnran  as 

1 00%, 


In  accordance  witli  tlie  scheme  which  we  put  forward  earlier  1 1],  the  formation  of  alcohols  with  a  smaller 
number  of  carbon  atoms,  than  in  the  original  alkylfuran,  arises  from  the  conjugate  breaking  of  C-O  and  C-C 
bonds,  with  the  elimination  of  one  (HI  group: 


I 


I 
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» _ 3 

»Q-chj-ch; 


Breaking  bond 

OH 


l-5and4-5  Hj  ^  z  3  » 

^^caking  bo^_, 

ku 


50-CH=CH-CH^ 

r  ^Breaking  bonds_ 

1-5  and  4-5  H*  ^  *  ^^  *  *  ’ 

Thus,  in  the  hydroge nolysis  of  a-ethyl-  and  ct-propenylfuran,  we  found  the  same  mechanism  for  the  hydro- 
genolysis  of  the  furan  ring,  as  in  the  case  of  furan  and  sylvan.  As  was  to  be  expected,  the  shielding  effect  of  the 
ethyl  and  propenyl  groupts  for  the  neighboring  C-O  and  C-C  bonds  was  considerably  greater  than  the  effect  of 
the  methyl  group  in  sylvan.  As  a  result  of  this,  in  the  hydrogenation  of  a-ethyl-  and  a-propenylfuran  we  did  not 
observe  conjugate  breaking  of  the  1-2  and  2—3,  1  —  5  and  2—3  and  1—2  and  4—5  bonds,  while  in  die  hydrogena¬ 
tion  of  sylvan,  the  latter  two  forms  of  bond  breaking  gave  rise  to  ethyl  and  methyl  alcohols. 

TABLE  2 

Hydrogenolysis  Products  of  a-Ethylfuran  at  225* 


Hydrogenolysis 

product 

ConteuL  in 
catalysate 
(in  % 

Boiling 

point 

(corr.) 

20 

"D 

Melting 
point  ot 
semi- 
carbazone 

Pentanone-3 

27 

101—102° 

0.8165 

1.3998 

136.5-137.5° 

Hexahone-3 

70 

123—124 

0.8169 

1.4006 

109  —110 

Hexanol-3 

3 

157—160 

0.8253 

1.4190 

Hydrogenolysis  of  a-ethyl-  and  a-propenylfuran  proceeds  mainly  through  the  breaking  of  the  C-O  bond 
(1-5)  and  the  "conjugate"  breaking  of  the  1-5  an<J  4-5  bonds.  The  1—2  C-O  bond  is  broken  only  to  a  very 
slight  degree  in  a-ethylfuran.  a-Ethylfuran  shows  a  considerably  higher  resistance  to  hydrogenolysis  than  furan 
or  sylvan. 


TABLE  3 

Hydrogenolysis  Products  of  a-Propenylfuran  at  175* 


Hydrogenolysis 

products 

Content  in 
catalysate 
(in%) 

Boiling 

point 

(corr.) 

Melting 
point  (H 
semi- 
carbazone 

Hexanone-3 

22 

123—124° 

0.8148 

1.4011 

109.5—110° 

Hexanol-3 

18 

133—135 

0.8172 

1.4162 

— 

Heptanone-4 

31 

142—142.5 

0.8192 

1.4080 

132  —132.5 

Heptanol-4 

29 

153—154 

0.8196 

1.4204 
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The  same  degree  of  furan  ring  cleavage  (15-20%)  occurred  in  the  case  of  sylvan  at  125*  as  in  the  case  of 
a-ethylfuran  at  175*.  At  225*  the  hydrogenolysis  products  of  a-ethylfuran  formed  about  60%  of  the  catalyiate, 
while  at  only  200*  sylvan  underwent  considerably  more  cleavage  (up  to  80%),  Increasing  the  reaction  temperature 
showed  up  in  an  overall  Increase  in  the  hydrogenolysis  products,  on  die  one  hand,  and  in  the  conversion  of  alcohols 
into  ketones,  on  the  other,  and  as  a  result  of  this,  at  higher  temperatures  the  main  part  of  the  catalyzate  consisted 
of  ketones. 


SUMMARY 

1.  Conditions  were  found  for  hydrogenating  a -ethyl-  and  a-propenylfuran  into  their  tetrahydro  derivatives 
on  Raney  nickel  catalyst, 

2.  The  hydrogenolysis  of  a-ethyl-  and  a-propenylfuran  in  the  presence  of  the  same  catalyst  was  investigated 
at  various  temperatures.  It  was  shown  that  the  furan  ring  in  these  compounds  was  split  at  the  C-O  bond  as  well 

as  undergoing  "conjugated"  hydrogenolysis  of  the  C— O-  and  C-C-bonds  and  as  a  result  alcohols  and  ketones  were 
formed  with  a  lower  number  of  carbon  atoms  than  in  the  original  materials, 

3.  The  different  stabilities  of  the  C-O-  and  C-C  bonds  to  hydrogenolysis  was  due  to  the  shielding  action 
of  side  substituents  on  neighboring  bonds. 
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2 -FUR  YLTRICHLOROMETHYLCA  RBINOL  AND  ITS  COMPLEX  ESTERS 


M.  A.  7akutskaya 


The  synthesis  of  trichlorinated  carbinols  with  heterocyclic  radicals  and  their  complex  esters  has  parti¬ 
cularly  interested  investigators  recently.  2-Furyl-,  5-methyl-2-furyl-,  2-thienyl,  5-chloro-2-thienyl,  2-pytryl 
and  N-methyl-2-pyrryltrichloromethylcarbinols  are  known  at  the  present  time  [1-3],  The  insecticide  effect  of 
these  carbinols  and  their  acetates  was  studied  on  mosquito  larva,  greenhouse  aphids,  house  flies  and  citrus  mites 
r3]. 

Howard  [1]  obtained  2-furyltrichloromethylcarbinol  (I)  from  furfurol  and  chloroform  by  the  action  of 
caustic  potash  in  10.5%  yield  (on  furfurol).  Willard  and  Hamilton  [2]  using  the  same  method  synthesized  (I)  in 
8.5%  yield  while  from  furan  and  sylvan  with  chloral  in  the  presence  of  zinc  chloride  in  glacial  acetic  acid  they 
obtained  2-furyl-  and  5-methyl-2-furyl-trichloromethylcarbinols.  The  yield  of  (I)  was  44%(on  chloral).  Blinn 
[3]  obtained  a  series  of  heterocyclic  trichlorinated  carbinols  from  organomagnesium  compounds  with  chloral. 

We  studied  the  condensation  of  furfurol  with  chloroform  under  various  conditions  and  syndiesized  a  series 
of  complex  esters  of  2-furyltrichloromethylcarbinol  (II): 

HC - jCH  HC- - -CH  _ ^ 

Hcl  jc-CHO  Hcl  Jc-CHOHCCl3 

(I) 

HC - :CH 

- -  I  /OCOR 

HCl  lC-CH< 

Xq/  ^CCln 

(ID 


We  used  caustic  potash,  sodamide,  anhydrous  calcium  oxide,  as  well  as  caustic  potash  with  additions  of 
anhydrous  calcium  oxide  or  sodium  sulfate  as  condensing  agents.  The  best  results  were  obtained  in  the  presence 
of  caustic  potash.  We  also  studied  the  effect  on  condensation  of  the  amount  of  chloroform  and  caustic  potash, 
the  time  of  KOH  addition  and  temperature  (table).  The  best  yields  of  (I)  (25%)  were  obtained  in  the  reaction  of 
1  mole  of  furfurol  with  4  moles  of  chloroform  and  0.3  moles  of  KOH  at  room  temperature.  An  increase  in  the 
amount  of  KOH  to  0.5  moles  lowered  the  yield  of  (I)  while  only  traces  of  (I)  were  formed  in  the  presence  of  1 
mole  of  KOH  and  tiie  reaction  proceeded  ahnost  wholly  with  the  formation  of  a-furancarboxylic  acid  by  the 
Canizzaro  process.  The  latter  was  always  found  in  the  reaction  products  in  greater  or  lesser  amounts  (up  to  20% 
on  furfurol).  Up  to  40%  of  die  furfurol  was  recovered.  The  esters  of  2-furyltrichloromethylcarbinol  and  fatty 
acids  were  obtained  by  the  action  of  the  corresponding  anhydrides  in  a  pyridine  solution  ( yield  65-75%),  while 
esters  of  benzoic,  o-  and  p-chlorobenzoic  acids  were  obtained  by  the  action  of  the  acid  chlorides  on  the  carbinol. 
The  p-chlorobenzoate  of  the  carbinol  was  most  readily  obtained  and  in  the  best  yield.  Ester  crystals  were  rapidly 
formed  (yield  of  91.3%)  by  shaking  mixtures  of  carbinol  and  p-chlorobenzoyl  chloride  with  alkalis.  The  benzoate 
and  o-chlorobenzoate  of  the  carbinol  were  obtained  less  readily  and  in  smaller  yields.  Shaking  a  mixture  of  the 
starting  materials  with  alkali  gave  an  oil,  from  which  ester  crystals  were  isolated  by  distillation  in  vacuum.  The 
yield  of  benzoate  was  32.5'7(',o-chlorobenzoate  —  30.5%. 
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Synthesis  of  2-l'uryltrichloronictliylcarbinol 


Amount  taken 
for  reaction  I 
(in  R) 

Moles  taken 
per  1  mole 
of  furfurol 

1 

Reaction  conditions  | 

(I)  obtained 

-urfurol 

o 

I 

u 

X 

o 

u 

u 

X 

u 

KOH 

duration 
of  addi¬ 
tion  (in 
hours) — 

temper¬ 

ature 

stirring 

(inhours) 

(in  g)  1 

(in  %) 

Remarks 

SO  i 

50! 

1 

10  ' 

0.8 

0.36 

1 

i 

0° 

2 

1  1 

1  11  ! 

10.0 

Experimental  conditions 
according  to  lotsich  [4] 

66 

120  1 

8 

1.43 

0.22 

0.7 

I  0 

2.5 

17 

11.3 

Experimental  conditions 
according  to  Willard  [2] 

66 

120 

8 

1.43 

0.22 

1  1.5 

20-25 

1.5 

18 

12.2 

33 

1  90 

4 

2 

0.22 

i  1 

0 

2 

8.5 

11.5 

33 

1  90 

6 

2 

0.30 

i  1 

0 

4 

14 

18.9 

66 

170 

12 

i  2 

0.30 

2 

0 

4 

26 

17.3 

so 

90 

28 

'  1.5 

1.00 

2 

0 

4 

Traces 

— 

18  g  of  a-furancarboxylic 
acid  was  isolated 

33 

60 

4 

1.43 

1  0.22 

1  0.85 

1  20-25 

2.5 

16.6 

22.4 

33 

90 

6 

2 

1  0.30 

1  20-25 

3 

16.5 

22.4 

33 

180 

1 

6 

4 

!  0.30 

1 

!  1.5 

20-25 

3 

1 

18.5 

25.0 

EXPERIMENTAL  * 

Synthesis  of  2-fiiryltriclilorometliylcarbinol.  Powdered  caustic  p>otash  (6  g)  was  gradually  added  (1.5  hours) 
to  a  mixture  of  furfurol  (33  g)  and  chloroform  (180  g),  which  was  stirred  mechanically  at  room  temperature.  The 
mixture  heated  up  noticeably,  changed  color  from  yellow  to  dark  brown  and  formed  a  thick  mass.  After  the  addi¬ 
tion  of  all  the  caustic  potasli,  the  thick  mass  was  diluted  with  absolute  ether  (70  ml)  and  was  stirred  for  a  further 
3  hours.  Next  day  the  precipitate  of  a-furancarboxylic  acid  salts  was  filtered  off.  After  dissolving  in  water  and 
acidifying  this  yielded  a-furancarboxylic  acid  with  m.p.  128-130*.  The  ether  and  the  chloroform  were  distilled 
off  and  the  residue  was  distilled  in  vacuum.  After  distilling  off  the  furfurol,  we  collected  a  fraction  from  95-115* 
(5-8  mm),  from  wliich  we  isolated  2-furyltrichloromethylcarbinol  as  a  colorless,  oily  liquid  with  b.p.  105-107* 

(5  mm),  112*  (10  mm),  113-115*  (13  mm).  The  yield  was  18.5  g  (25%).  According  to  Howard  [1]  the  b.p.  is 
115-118*  (120  mm);  presumably  tliere  was  a  printing  error  in  reporting  the  pressure  —  12  mm  should  have  been 
written.  Willard  and  Hamilton  [2]  reported  b.p.  118-120*  (12  mm)  and  123-124*  ( 15  mm). 

d”  1.5275,  nf^  1.5319,MRp  43.69;  calc.  44.54.  Found  <7-  C  32.96;  H  2.10;  Cl  49.87.  CgHsOzClj. 

Calculated  %:C33J37:H  2.10;  Cl  49.39. 

The  acetate  of  2-furvltrichloromethylcarbinol  was  a  slightly  yellow  liquid  with  b.p.  110-115*  (7  mm). 

d5®  1.4065.  n”  1.5022,  MR^  54.03;  calc.  53.91. 

Synthesis  of  the  propionate,  n-butyrate  and  isovalerate  of  2-furyltrichloromethylcarbinol.  The  esters  were 
prepared  similarly  to  the  acetate  of  2-furylchloromethylcarbinol  [2,3].  Pyridine  was  added  to  a  mixture  of  the 
carbinol  and  excess  of  the  anhydride.  The  mixture  heated  up  strongly  and  darkened.  The  mixture  was  left  for 
48  hours,  then  diluted  with  cold  water,  neutralized  with  solid  potassium  bicarbonate  and  extracted  with  chloro¬ 
form.  The  chloroform  solution  was  washed  with  dilute  acetic  acid,  soda  and  water  and  dried  over  anhydrous 
sodium  sulfate.  After  distilling  off  the  chloroform,  the  residual  oil  was  distilled  in  vacuum.  The  propionic, 
n-butyric  and  isovaleric  esters  of  2-furyltrichloromethylcarbinol  were  liquids  with  a  specific  aromatic  smelL 

Propionate.  B.p.  143-145*  (30  mm).  d|“  1.3805,  n^j^  1.5015.  MRp  58.01;  calc.  58.52. 

*  R.  Kh.  Kolitsman  and  A.  Z.  Yunusov  took  part  in  the  experimental  part. 
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Found  •lot  C  39.87t  H  3.11;  Cl  39.94.  C,HyO,Cls.  Calculated  •>hiC  39.78;  H  3.33;  Cl  39.22. 

n-Butryate.  B.  p,  136- 140*  (15  mm),  dj®  1.3332,  1.5000,  MRp  82,98;  calc.  63.14. 

Found  C  42.12;  H  3.74;  Cl  37.91.  CjoHaOjClj.  Calculated  C  42.0a;H  3.88;  Cl  37.25. 

Isovalerate.  B.p.  158-163*(35  mm),  dj®  1.3027,  ng  1.4960,  MRp  67.20;  calc.  OWO. 

Found  C  44.18;  H  4.32;  Cl  35.58.  CuHuOjQj.  Calc.  C  44.08;  H  4.37;  Cl  35.50. 

Synthesis  of  the  benzoate  and  o-  and  p-chlorobenzoates  of  2-furyltrichloromethylcarblnol.  The  esters  were 
prepared  by  treating  2-furyltrichloromethylcarbinol  (1)  with  the  appropriate  acid  halide  in  the  presence  of  15^ 
caustic  soda,  which  was  added  until  there  was  an  alkaline  reaction.  The  mixture  was  shaken  till  the  separation  of 
crystals,  which  were  recrystallized  from  alcohol.  If  an  oil  separated  instead  of  crystals^  an  ether  extraction  was 
carried  out.  The  ether  solution  was  dried  and,  after  distilling  off  the  ediei;  the  residue  was  distilled  in  vacuum. 

Benzoate.  Prom  12.5  g  of  (1)  we  obtained  6  g  (32.5%)  of  ester;  m.p.  45*  from  alcohol. 

Found  %;  C  48.56;  H  2.80;  Cl  33.18.  CuH,0,Cl,.  Calculated  %•  C  48.82;  H  2.82;  Cl  33.33. 

o-Chlorobenzoate.  From  10  g  of  (1)  we  obtained  5  g  (30.5%)  of  ester;  m.p.  37*  (from  alcohol). 

Found%C44.23;  H  2.43;  Cl  40.10.  C^HjOjC^  Calculated  %:  C  44.07;  H  2.26;  Cl  40.11. 

p-Chlorobenzoate.  From  7  g  of  (1)  we  obtained  10.5  g  (91.3%)  of  ester;  m.p.  57*  from  alcohol. 

Found  %:  C  43.98;  H  2.55;  Cl  40.12.  CuH,03Cl4.  Calculated  %:  C  44.07;  H  2.26;  Cl  40.11. 

Laboratory  tests  showed  that  the  propionate,  benzoate  and  o-  and  p-chlorobenzoates  of  2-furyltrichloro- 
methylcarbinol  were  effective  as  soil  treatments  against  the  infection  of  verticilliose  withering  of  cotton. 

SUMMARY 

1.  2-Furyltrichloromethylcarbinol  was  obtained  in  25%  yield  from  furfurol  with  chldroform  in  the  presence 
of  caustic  potash. 

2.  The  following  complex  esters  of  2-furyltrichloromethylcarbinol  were  obtained  for  the  first  time;  propion' 
ate,  n-butyrate,  isovalerate,  benzoate,  o-  and  p-chlorobenzoates. 
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THE  OXONIUM  COMPOUNDS  OF  COMPLEX  ESTERS  WITH  ORGANIC  ACIDS 


IV.  THE  CH3COOC4H9-CCI3COOH.  CHjCOOCsHii-CCljCOOH  AND 
CCI3COOC2H5-CCI3COOH  SYSTEMS 

M.  Usanovich,  K.  Bilyalov  and  L.  Krasnomolova 


The  complex  esters  were  synthesized  and  purified,  as  described  earlier  [1],  The  fractions  of  CH3COOC4H(, 
CHjCOOCjHii  and  CC^COOCjHj,  boiling  at  124*  (682.2  mm),  132  *(694.7  mm),  164*  (691.1  mm)  respectively, 
were  isolated  for  this  work.  The  trichloroacetic  acid  was  fractionated  several  times;  the  fraction  boiling  at  187* 
(697.9  mm)  was  distilled  into  ampoules.  The  systems  were  studied  at  50,  60  and  70*  and  their  densities  and  vis¬ 
cosities  were  measured. 

The  CHaCOOCiHa-CClaCOOH  system.  The  results  of  the  measurements  are  given  in  Table  1. 

TABLE  1 


'  Ester  content 

Viscosity  (in  centipoises) 

Density  (in  g/ml) 

On  mole  ‘^) 

(inwt.  % 

50° 

60° 

70° 

50° 

60° 

70° 

0.00 

0.00 

5.323 

4.070 

3.233 

1.6156 

1.6073 

1.5905 

10.40 

1.60 

4.361 

3.495 

2.870 

1.5311 

1.5155 

1.5033 

18.70 

14.00 

3.749 

3.024 

2.459 

1.4492 

1.4355 

1.4202 

30.13 

23.40 

2.85 

2.351 

1.978 

1.3513 

1.3371 

1.3245 

37.90 

30.20 

2.406 

1.998 

1.698 

1.2845 

1.2724 

1.2582 

49.40 

40.90 

1.798 

1.515 

1.302 

1.1937 

1.1810 

1.1696 

58.40 

49.90 

1.419 

1.222 

1.053 

1.1267 

1.1161 

1.1048 

71.06 

64.60 

0.996 

0.866 

0.750 

1.0707 

1.0207 

1.0037 

79.01 

72.70 

0.810 

0.715 

0.634 

0.9803 

0.9704 

0.9575 

92.90 

85.70 

0.588 

0.526 

0.479 

0.8986 

0.8802 

0.8654 

100.00 

100.00 

0.507 

0.443 

0.409 

0.8503 

0.8396 

0.8292 

Assuming  that  the  values  of  the  viscosity  logarithms  were  additive,  we  plotted  the  viscosity  diagrams  on  a 
semilogarithmic  scale,  as  before  [1-3].  The  logarithmic  viscosity  isotherms  (Fig.  1)  pass  through  an  inflexion 
point,  which  indicates  reaction  between  the  components.  The  specific  volume  diagram  (Fig.  1)  also  indicates 
reaction  (compression). 

Thus,  reaction  occurs  in  the  butyl  acetate-trichloroacetic  acid  system.  According  to  us  this  reaction  occurs 
due  to  the  hydrogen  bond  which  forms  between  the  hydrogen  of  the  acid  hydroxyl  group  and  one  of  the  oxygens 
of  the  complex  ester. 


The  CHaCOOCsHn-CCl^CXDH  system.  The  investigation  results  are  given  in  Table  2. 

The  logarithmic  viscosity  isotherms  (Fig.  2>  pass  through  an  inflexion  point,  which  indicates  reaction.  The 
specific  volume  diagram  (Fig.  2)  also  indicates  reaction.  Thus,  a  hydrogen  bond  is  formed  in  this  system  as  in 
the  previous  case. 
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CHpOC^Hf  CCljCOOH  CHjCOOC^H,,  CCljCOOH 


Fig.  1,  Viscosity  (composition  in  molecular  Fig.  2.  Viscosity  (composition  in  molecular  per- 

percents)  and  specific  volume  (composition  cents)  and  specific  volume  (composition  in  weight 

in  weight  percent)  of  the  CH3COCX:4M9-  percent)  of  the  CHjCOOCsHii-CCIjCCXlH 

~CC1 3  COOH  system.  system. 

TABLE  2 


Ester  content 

Viscosity  (in  cfentipoises) 

Density  (in  g/ml) 

(in  mole 

(in  wt.  °Io) 

50° 

60° 

70° 

50° 

60° 

70° 

0.00 

0.00 

5.323 

4.070 

3.233 

1.6156 

1.6073 

1.5905 

21.35 

17.77 

3.573 

2.856 

2.332 

1.3934 

1.3796 

1.3657 

43.25 

37.77 

2.146 

1.838 

1.504 

1.2204 

1.2097 

1.1968 

62.34 

56.86 

1.358 

1.152 

0.992 

1.0743 

1.0635 

1.0514 

84.21 

81.11 

0.807 

0.710 

0.623 

0.9258 

0.9158 

0.9051 

100.00 

100.00 

0.589 

0.522 

0:462 

0.8363 

0.8272 

0.8177 

TABLE  3 


Ester  content 

Viscosity  (in  centipoises) 

Density  (in  g/ml) 

(in  mole  *7^  (in  wt.«^) 

1 

j  50° 

60° 

70° 

50° 

60° 

70° 

0.00 

0.00 

5.323 

4.070 

I 

3.233 

1.6156 

1.6073 

1.5905 

23.58 

26.56 

3.172 

2.599 

2.164 

1.5409 

1.5275 

1.5132 

40.86 

44.73 

2.346 

1.964 

1.666 

1.4870 

1.4733 

1.4590 

59.88 

63.62 

1.742 

1.493 

1.291 

1.4355 

1.4213 

1.4068 

79.28 

81.76 

1.334 

1.159 

1.016 

1.3880 

1.3742 

1.3609 

100.00 

100.00 

1 

1.037 

i 

0.915 

0.803 

1.3428 

1.3294 

1.3150 
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Fi^.  3.  Viscosity  (composition  in  molecular 
percents)  and  specific  volume  (composition 
in  weight  percents)  of  the  CCl3COfXl2H5- 
-CCl3C(X>H  system. 


The  CCl^'CXX^iills-CCl/XX)!!  system.  The  re¬ 
sults  of  the  measurements  are  given  in  Table  3  and  are 
shown  graphically  in  Fig.  3. 

The  logarithmic  viscosity  diagram  of  this  system 
(Fig.  3),  in  contrast  to  the  previous  two  cases,  does  not 
indicate  reaction  directly.  As  the  isotherms  are  convex 
toward  the  composition  axis  along  the  whole  length,  we 
presume  tliat  the  reaction  occurring  in  tlte  system  was 
hidden  by  tlie  association  of  the  trichloroacetic  acid. 

The  specific  volume  diagram  shown  in  the  same  figure, 
is  expressed  by  straight  lines  and  may  be  explained  by 
reciprocal  compensation  reactions  which  affect  the  specific 
volume  in  opposite  directions. 

SUMMARY 

The  viscosities  and  densities  of  the  systems 
CH3COOC4H9-CCl3COOIi  CH^OOCsHn-CClaCOOH 
and  CCl3CO(X:2H5-CCl3COOH  were  studied  at  50,  60  and 
70*. 


Reaction  between  components  has  been  established 
for  the  first  two  systems.  The  presence  of  intermolecular 
reaction  is  presiuned  in  the  CCl3CCKX]:2H5“CCl3COOH 
system  although  it  was  not  reflected  in  die  diagrams. 
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BROMINATION  OF  UNSATURATED  COMPOUNDS 


V.  BROMINE  ADDITION  REACTIONS  OF  ALLYLTRIMETHYLAMMONIUM 

PERCHLORATE 


N.  P.  Kanyaev 

The  results  of  the  investigation  of  the  kinetics  of  hypobromous  acid  addition  at  die  double  bond  of  allyl- 
trimethylammonium  perchlorate  were  described  in  a  previous  report  [1].  As  hypobromous  acid  is  a  bromine 
hydrolysis  product,  it  was  necessary  to  complete  the  existing  data  by  investigating  die  kinetics  of  bromine  addition 
and  diis  is  the  subject  of  this  article. 

Some  equilibria  in  the  system  Brt— HfO.  In  an  aqueous  solution  active  bromine  may  be  in  various  forms 
which  are  readily  interconverted  with  a  change  in  the  pH  of  the  medium  and  the  bromine  ion  concentration.  We 
will  examine  only  those  of  diem  which  are  of  interest  to  us.  The  Equilibria  1-4  determine  the  state  of  the  bro- 
minating  agents; 


Brz  -H  H2O  HOBr  -1-  H+  Br";  /fifBrj]  =  [HOBr][H+][Br-]. 


(1) 


In  Liebhafsk/s  latest  paper  [2]  the  value  0.69*  10~*  is  given  for  K]  at  0*.  Calculations  for  0.005 M  bromine 
water,  used  in  this  investigation,  show  that  8^0  of  the  bromine  hydrolyzes. 


Bra-f-Br-  Br^-;  /TafErH  =  [BraKBr-]. 

340 

Using  the  equation  logKj  = — — - 0.09  to  determine  the  value  of  Kj,  Liebhafsky  obtained  a  value  equal 

to  0.0462  at  0*.  From  this  value  it  is  possible  to  calculate  that  at  a  concentration  of  Br|  =  0.005  and  Bf  =  0.  IM 
68*’^  of  the  bromine  is  converted  into  the  tribromide  ion.  Conversion  of  the  bromine  into  the  pentabromide  ion 
is  not  considered  as  its  concentration  is  very  small  according  to  calculations. 


Bra  Br+-HBr-;  /r3[Bra]  =  [Br+][Br-]. 

Presumably,  the  most  reliable  value  for  Ks  at  25*  is  ~10"*®  as  given  in  the  paper  by  Bell  and  Gelles  [3]  who 
consider  that  free  halogen  cations  do  not  exist  but  may  occur  in  an  aqueous  solution  as  the  hydrates.  They  were 
able  to  confirm  experimentally  the  theoretically  calculated  value  of  the  analogous  constant  for  iodine. 

Br+  -4-  HaO  HOBr  -f-  H+;  Ar4[Br+]  =  [HOBrllH-b], 

(4) 

Constant  K4  is  found  by  combination  of  (1)  and  (3).  Its  value  is  K4  =  7  •  10*®. 
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EXPERIMENTAL 


Notation  used:  allyltriinethylaminoniiim  perclilorate  is  now  denoted  everywhere  by  AA;  a  and  b  are  con¬ 
centrations  of  AA  and  Btj  respectively,  expressed  in  milliliters  of  0.01  N  thiosulfate;  a^  and  bj  arc  the  same  values 
at  the  beginning  of  the  reaction;  ^  is  the  time  from  the  beginning  of  the  reaction  in  minutes;  kj  is  the  experi¬ 
mental  constant  of  the  second  order,  calculated  by  tlie  formula  k.  = — —  .log  — ;  the  reagent  formulae 

^  *  t(ao-bo)  ^a^-b*  * 

in  square  brackets  denote  the  actual  concentrations,  in  round  ones,  the  analytical  concentrations  (molei/ liter); 
tlic  dimeasions  of  tlie  rate  constants  are  moles"V liters •  minutes"^  the  temperature  of  the  experiments  was  0* 
(unless  another  value  is  given). 


Products  of  the  reaction  of  AA  with  bromine.  Treatment  of  AA  witli  a  dilute  solution  of  bromine  yielded 
almost  entirely  the  hydroxybromo-derivative,  the  same  as  in  the  addition  of  EIOBr.  This  was  shown  by  the  apjxjar- 
ance  of  an  almost  equivalent  quantity  of  HBr.  Treatment  with  bromine  in  the  presence  of  bromide  ions  gave  the 
hydroxybromo-derivative  and  the  dibromo  derivative.  The  direction  of  the  reaction  in  the  presence  of  nitrate, 
bromide,  chloride  and  mercuric  cliloride  is  given  in  Table  1. 


TABLE  1 


Concentration  of  I 
bromine  (in  g 
mol/  liter) 

Name  and  concentration 
of  additive  (in  g  mol/ 
/liter) 

Yield  of  hydroxy- 
halogeno  deriva¬ 
tive  (in  1o) 

0.00642 

[KNO,] 

0,1 

94 

0,00624 

[KBr] 

0.05 

lb 

O.OOS'^l 

[KBr] 

0.20 

43 

0.00546 

[KNO,] 

0.2 

94 

0.00546 

[KCl] 

0.05 

89 

0,00521 

[KCl] 

0.20 

83 

0.00579 

[Hga,] 

0.0008 

100 

up  in  complexes.  The  direction  of  the  reaction  is  slightly  dependent 


From  tlie  data  in  Table  1,  it  is 
obvious  that  the  bromide  ion  is  more  ef¬ 
fective  than  the  chloride  ion  in  changing 
the  direction  of  the  reaction  toward  the 
formation  of  the  dibromo  derivative.  From 
experiments  with  0.05M  KBr  and  KCl  it 
may  be  estimated  that  the  bromide  ion  is 
approximately  5  times  as  active  as  the 
chloride  ion. 

In  the  presence  of  mercuric  chloride, 
only  the  hydroxybromo  derivative  was 
formed  due  to  the  bromide  ion  being  bound 
on  the  concentration  of  bromine. 


Two  experiments  on  the  reaction  of  AA  with  bromine  are  given  in  Table  2  as  an  example. 


TABLE  2 


(AA)  =  0.0245,  [Br,]  =  0.0100  I 

(AA]  =  0.0514,  [Br,]  =  0.00234 

1 

/  1 

b 

i 

b 

1^2 

0 

8 

15 

40 

70 

2.003 

1.497 

1.207 

0.632 

0.329 

1.58 

1.53 

1.43 

1.38 

0 

8 

12 

18 

25 

0.469 

0.248 

0.185 

0.121 

0.075 

1.58 
i  1.53 

1  1.49 

1.45 

Average 

1.46 

I  Average  .  . 

II 

1.51 

The  rate  coefficients  of  tlie  reaction 
of  A  A  with  bromine  decrease  slightly  with 
an  increase  in  the  reaction  time.  This 
shows  that  the  bromine  does  not  appear  in 
the  kinetic  equation  in  the  first  but  in  a 
slightly  higher  power.  However,  the  change 
in  the  initial  concentrations  of  the  reagents 
hardly  alters  the  value  of  the  bimolecular 
rate  constant  and  therefore,  in  the  first 
approximation,  the  most  appropriate  kinetic 
equation  for  this  reaction  appears  as; 


^l|^  =  t2[AA][Br2].  (I) 


The  introduction  of  bromide  ion  into 

the  reaction  mixture  lowers  the  rate  of  reaction  of  AA  with  bromine  and  the  introduction  of  nitrate  ion  slightly 
increases  it.  In  both  cases  the  rate  constants  become  more  constant.  The  results  of  these  experiments  are  given 
in  Table  3. 


The  retarding  effect  of  the  bromide  ion  is  explained  by  the  reduction  in  the  concentration  of  bromine  due 
to  its  conversion  to  Brjj",  which  adds  to  a  double  bond  more  slowly.  The  change  in  the  initial  bromine  concentra¬ 
tion  in  this  case  does  not  alter  the  experimental  constant  kj  and  die  most  suitable  kinetic  equation  is; 
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rf(Br2) 
'  dt 


*'[AA][Br2j  ik"[AA][Br7l. 


(11) 


TABLE  3 

The  Effect  of  NOj  and  Bf  on  the  Addition  of  Br2  to  AA 


(AA] 

(Br,) 

no; 

Br- 

k' 

k" 

0.0244 

0.00498 

0.050 

1.60 

1.60 

0.0244 

0.00498 

— 

0.050 

1.12 

1.60 

0.66 

0.0244 

0.00523 

0.100 

— 

1.75 

1.75 

_ 

0.0244 

0.00523 

— 

0.100 

0.99 

1.75 

0.64 

0.0255 

0.00432 

0.100 

0.100 

1.09 

2.03 

0.66 

0.0255 

0.00432 

0.100 

0.100 

1.09 

2.03 

0.66 

0.0255 

0.00432 

0.200 

— 

2.03 

2.03 

0.0255 

0.00432 

— 

0.200 

0.87 

2.03 

0.60 

Using  Equation  (2),  it  is  possible  to 
establish  that  the  experimental  rate  coefficient 
it  of  the  second  order; 

„  _  Ki-  k'-^-k"[Br-] 

*  /r2-^(Br-] 

Assuming  that  k*  -  for  experiments 
without  bromide,  but  with  the  same  concentra¬ 
tion  of  potassium  nitrate,  added  to  eliminate 
salt  effects,  we  can  determine  k*,  whose  values 
are  given  in  Table  3. 

The  effect  of  temperature.  Experiments 
were  carried  out  at  0  and  20*.  The  experimental 
data  and  the  calculated  values  of  the  tempera¬ 
ture  coefficient  (fi,  the  activation  energy  Qand 
the  factor  before  the  exponential  o  are  given 
in  Table  4.  For  experiments  in  the  presence  of  bromide,  the  calculations  were  carried  out  allowing  for  the  rate 
coefficients  of  the  reaction  of  A  A  with  BrJ  (k"). 

DISCUSSION  OF  RESULTS 

The  reaction  of  bromine  with  AA  in  an  aqueous  solution  is  expressed  approximately  by  an  equation  of  the 
second  order.  However,  water  participates  in  the  reaction  and,  consequently,  the  transition  complex  is  composed 
of  diree  molecules.  As  a  triple  collision  is  not  very  probable,  the  reaction  occurs  in  two  stages;  it  starts  with  an 
attack  by  the  bromine  molecule,  which  draws  into  its  sphere  of  action  the  double  bond  ir  -electrons,  then  in  the 
second  stage,  a  water  molecule,  which  is  an  electron  donor,  is  attracted  by  the  positively  polarized  carbon  and  the 
active  complex  decomposes  with  die  formation  of  bromohydrin  and  hydrogen  bromide.  Apparently,  the  attacking 
bromine  molecule  is  not  polarized  and  the  polarization  process  is  completed  in  the  transition  complex.  This  con¬ 
clusion  was  arrived  at  on  the  basis  of  the  enormous  difference  in  the  reactivity  of  a  bromo-cation  fl]  and  a  bro¬ 
mine  atom.  The  large  hydration  energy  of  the  ions,  especially  that  of  the  protons,  strongly  promotes  reaction  in 
an  aqueous  medium. 


TABLE  4 


Name  and  concen¬ 
tration  of  additive 

0°  1 

20® 

9  1 

(in 

cal) 

« 

(in  K  mole/iiter) 

ii 

’2 

Her . 

1.57  1 

1  11.4 

2.7 

16000 

1.0  •  10" 

(NaNOal.  0.200  .  .  . 

2.03  ! 

1  15.3 

2.8 

16000 

3.3  •  10" 

1 

[NaBr]  0.200  .  .  . 

k 

0.60  1 

4.61 

2.8 

16000 

9.7  •  10’« 

{NaNOgJ  0.1001 
[NaBr]  0.100  /  *  '  ' 

0.66 

4.75 

2.7 

16000 

4.0  •  101" 
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The  hypt>bromous  acid  found  in  «lie  hrominc  water,  contrary  to  strongly  accepted  opinion  [4],  dt)es  not  play 
a  noticeable  part  in  the  formation  of  the  broinoliydrin,  tlie  main  reaction  product,  as  tlie  HOBr  concentration  is 
very  small  and,  furthermore,  its  rate  of  reaction  with  AA  is  approximately  bO  times  less  than  the  rate  of  AA  reac- 
tion  with  brttmine.  The  view  that  the  hydrogen  ion  makes  HC'ltr  many  times  more  active  than  bromine  is  unten¬ 
able  here  for  if  it  is  assumed  that  lIOBr  participates  in  the  reaction,  then  the  kinetic  equation  appears  as: 


j/|  Br-)] 
dt 


/t'[AAl|Br,.l  t  -t[AA||HOBr||H' 


K, 


and,  expressing  |  H('Br)  in  terms  of  IBrj],  it  may  be  deduced  that  the  experimental  magnitude  of  kj  =  k*  +  k 

f  Br  ] 

must  not  depend  on  fn+].  In  this  way,  the  conditions  of  Equilibrium  (1)  disprove  the  assumption  that  the  hydrogen- 
ion  has  an  activating  capacity.  The  addition  of  nitric  acid  hardly  changes  the  reaction  rate  and  this  proves  that 
hydrogen-ion  does  not  activiate  AA  and  Btj, 

Buffer  solutions,  which  greatly  accelerate  reaction  with  HOBr,  slightly  increase  the  rate  of  addition  in  the 
case  of  the  Btj  reaction.  Probably, active  brominating  agents  of  the  type  BrA  (for  example  BrOtXICHj)  form  less 
readily  in  the  latter  case  than  in  the  presence  of  hypobromons  acid.  Pyridine  slows  down  the  reaction  very 
strongly  while  pyridine-nitrate  slows  it  down  a  little  less.  There  is  a  paper  in  the  literature  which  recommends 
pyridine  as  a  bromination  catalyst  [5,6].  Obviously,  this  report  is  incorrect,  as  the  same  brominating  agents  take 
part  in  substitution  in  an  aromatic  compound  as  in  addition  at  a  double  bond. 


The  introducticn  of  mercuric  chloride  has  a  strongly  catalytic  efrect.  Mercurous  and  mercuric  nitrates  have 
a  weaker  action.  This  effect  of  mercury  salts  depends  greatly  on  bromide  ion  additions  which  destroy  their 
catalytic  action.  The  catalytic  action  of  mercury  salts  was  noted  in  the  nitration  and  sulfonation  of  aromatic 
compounds  |7]  and  it  was  proved  that  it  occurred  through  the  formation  of  mercurated  products  [8],  The  analysis 
of  AA  bromination  experiments  indicated  a  different  mechanism;  mercury  salts,  bonding  the  bromide  ion  in  a 
complex,  cause  the  formation  of  extremely  powerful  brominating  agents  —  a  bromo-cation  and  bromo-chlorine 
(in  the  presence  of  mercuric  chloride).  As  HBr  is  formed  during  the  reaction,  the  effect  of  the  addition  of  bromide 
ion  was  studied.  Here,  the  effect  of  two  brominating  agents  -  Br2  and  Br^"  and  the  formation  of  two  reaction 
products  -  bromohydrin  and  dibromide  -  have  to  be  considered.  Tlierefore,  the  kinetic  Equation  (II)  has  to  be 
rewritten  as; 


[AA][Br,l  +  /  [AAjIBr-]  +  /'  [AAHBra  l. 


(Ill) 


Equations  (III)  and  (II)  are  iodistinguishable  from  the  kinetic  point  of  view.  It  is  assumed  that  the  overall 
bromination  rate  in  Equation  (III)  consists  of  three  rates;  the  first  (first  term  of  the  sum  of  the  rates)  is  the  rate 
of  bromohydrin  formation  by  the  action  of  bromine  and  water,  the  second  is  the  rate  of  formation  of  bromohydrin 
and,  possibly,  a  small  amount  of  dibromide  by  the  action  of  B17  and  HjO  and  the  third  is  the  rate  of  dibromide 
formation  as  a  result  of  the  action  of  the  tribromide  ion. 

According  to  existing  experimental  material,  which  will  be  described  later,  the  tribomide  ion  may  have  a 
dual  nature,  that  is,  it  can  be  an  electrophilic  reagent  (electron  acceptor)  and  due  to  its  action  hydroxybromide 
and  dibromide  may  be  formed,  but  at  the  same  time,  it  is  a  nucleophilic  reagent  (electron  donor)  by  which  only 
dibromide  may  be  formed.  Nucleophilic  Biyis  excluded  from  the  process  in  the  double  bond  region  of  various 
unsaturated  compounds  with  a  large  electron  density.  However,  with  a  decrease  in  the  reactivity  of  the  double 
bond,  it  makes  its  appearance  and  olays  an  increasingly  greater  role  in  the  formation  of  reaction  products.  In  the 
reaction  of  bromine  with  AA  it  is  already  significant.  In  the  light  of  present  day  theory  [9]  the  hypothetical 
reaction  mechanism  of  bromohydrin  formation  may  be  expressed  in  die  followii^  way; 

OH,  OH 

i/  ■  / 

C  C  t  Br .  c  C  H,0  ->  C  C  ->  C— C  H+  -r-  Br”: 

/  /  / 

Br2  Br  Br 

\ 

Br 
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The  tribroinide  ion,  wliicli  includes  both  donor  and  acceptor  groups,  reacts  in  the  second  course  of  the  reaction 
according  to  an  analogous  scheme,  by  attacking  the  double  bond  through  its  acceptor  part.  Dibromide  formation 
proceeds  in  a  different  way  in  the  third  course.  Tribroniide  ion  acts  as  an  electron  donor  and  reacts  according 
to  tlie  sclieinc; 


C  C  -r  Br«  — 


1. 


C  — » 

Br  •*-  Br 


C  — 

t 

Br 


C - ►  C""C  “+■  Br” 

\  / 

Br  Br 


Thus,  the  reaction  of  hypobroinous  acid  [Ijand  bromine  with  AA  proceeds  by  using  the  most  reactive  forms 
of  die  brominating  agent.  The  bimolecular  rate  coefficients  for  the  various  brominating  agents  are  compared 
in  Table  5. 

Hypobromous  acid  probably  acts  mainly  by  means  of  the  bromocationas  the  water  for  the  solutions  was  not 
protected  from  atmospheric  carbon  dioxide  and  the  addition  of  the  smallest  amounts  of  alkali  considerably  lowered 
its  addition  rate. 

The  bimolecular  rate  constants  cannot  be  calculated  for  reagents  of  the  BrA  type  (except  for  BrCl)  due  to 
the  absence  of  appropriate  equilibrium  constants,  but  the  rate  of  their  action  on  AA  is  greater  than  that  of  bro¬ 
mine. 


TABLE  5 

The  Values  of  the  Bimolecular  Constants  for  Brominating  Agents. 


AreHT 

HjOBr 

BrCl  j 

Br, 

HOBr 

k.  .  .  . 

2  •  IQH 

5700 

1.60 

0.65 

0.025 

On  the  basis  of  experimental  data,  we  can  arrange  the  brominating  agents  in  a  series  according  to  their 
activity: 

HoOBr  >  BrCl  h  BrA  >  Brg  >  Br^  >  HOBr. 


The  bimolecular  constants  for  chlorination  of  A  A  by  chlorine  are  known  from  the  literature  [101  ^nd  they 
show  that  chlorine  is  approximately  25  times  more  active  than  bromine. 

SUMMARY 

1.  Addition  of  bromine  to  allytrimethyiammonium  perchlorate  proceeds  by  a  reaction  of  the  second  order. 
An  hydroxybromide  compound  is  the  main  reaction  product,  although  hypobromous  acid  does  not  play  a  signifi¬ 
cant  part  in  the  process. 

2.  Mercuric  chloride  is  an  effective  reaction  catalyst,  due  to  its  capacity  of  facilitating  bromo-cation  and 
bromo-chlorine  formation  in  the  bromine  solution.  With  it,  there  is  an  increase  in  the  amount  of  bromohydrin 
formed. 

3.  The  introduction  of  bromide  ion  slows  down  the  reaction.  This  is  explained  by  die  conversion  of  part 
of  the  bromine  into  tribromide  ion,  whose  reactivity  is  approximately  2.4  times  less  than  that  of  bromine. 
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4.  Brominating  agents  of  allyltrimethylammonium  perchlorate  in  an  aqueous  solution  are  given  together 
with  approximate  values  for  their  relative  reactivity. 
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ISOMERIZATION  OF  POL  Y  M  ET  H  Y  LE  NE  HYDROCARBONS 


BY  ALUMINUM  CHLORIDE 

XIX,  ISOMERIZATION  OF  1,3.5-n-TRIMETHYLCYCLOHEXANE  AND 
IS  OPROPYLC  YCLOHE  X  A  NE 

M.  V.  Turova  -  Polya  k,  Z.  S.  Kralts  and  E.  G.  Treshchova 


In  a  previous  paper  [1]  it  was  shown  that  the  action  of  aluminum  chloride  on  cyclohexane  homologs  of  the 
general  formula  CgH^  (1,1-dimethylcyclohexane,  1,2-dimethylcyclohexane  and  ethylcyclohexane)  consisted  of  a 
transference  and  disproportionation  of  radicals.  In  each  case  a  mixture  of  hydrocarbons  was  obtained  with  approxi¬ 
mately  the  same  composition  (58%  1,3-dimethylcyclohexane,  20%  1,4-dlmethylcyclohexane,  14%  1,2-dimethyl¬ 
cyclohexane  and  6%  1, 1'diniethylcyclohexane),  which  invariably  contained  1,  l"diniethylcyclohexane.  There  was 
no  isomerizatioa  of  the  hydrocarbon  ring. 

The  action  of  aluminum  chloride  on  cyclohexane  homologs  of  the  general  formula  CgHjg  has  been  little 
studied.  As  the  conditions  under  which  die  reaction  was  carried  out  by  various  investigators  differed,  the  results 
they  obtained,  therefore,  often  contradicted  each  other  [2]. 

We  considered  it  of  interest  to  develop  our  investigations  and  study  the  effect  of  aluminum  chloride  on  this 
class  of  hydrocarbons,  and,  specifically,  on  1,3,5-trimethylcyclohexane,  *  and  n-  and  isopropylcyclohexane,  under 
the  conditions  we  had  set  before,  and  to  find  out  if  the  conclusions  arrived  at  in  the  previous  work  [1]  would  also 
hold  for  the  cyclohexane  homologs  of  the  general  formula  CgHig.  This  problem  also  interested  us  as  we  had  pre¬ 
viously  shown  that  butylcyclppentane  [4]  and  ethylcycloheptane  [5]  were  isomerized  by  aluminum  chloride  mainly 
into  trimethylcyclohexanes. 

The  experiments  in  this  work*  were  carried  out  under  conditions  similiar  to  those  for  butylcyclopentane  and 
ethylcyclopheptane  isomerization,  that  is  at  100*  and  at  the  boiling  points  of  the  hydrocarbons  .  Some  experi¬ 
ments  were  also  carried  out  at  0  and  at  25*. 

Optical  analysis  using  combination  light  scattering  was  used  for  finding  the  composition  of  the  reaction  pro¬ 
ducts.  The  reaction  products  obtained  in  experiments  carried  out  at  100*  and  at  the  boiling  points  of  the  hydro¬ 
carbons  differed  in  their  constants  from  the  original  hydrocarbons  but  were  similitr  to  each  other.  The  boiling 
point  varied  within  the  range  134-142*,  the  refractive  index  at  20*  varied  from  1.4270  to  1,4286  and  specific 
gravity  at  20*  varied  from  0.7752  to  0,7760. 

The  spectra  of  the  isomerization  products  of  normal  and  isopropylcyclohexane,  obtained  in  experiments 
carried  out  at  100*  and  the  boiling  points  of  the  hydrocarbons,  were  similar  to  each  other,  but  differed  somewhat 
from  the  spectra  of  isbmerization  products  of  l,3J5-trimethylcyclohexane  obtained  under  analogous  conditions. 

We  considered  dial;  beside:-  the  original  hydrocarbons,  mixtures  of  various  trimethylcyclohexane  isomers 
were  present  in  the  reaction  products.  However,  there  is  no  reference  at  the  present  time  on  the  spectra  of  many 
of  them  (specifically,  cis-tra ns- isomers  of  1,2,3-  and  1,2,4-trimethylcyclohexanes), 


*  In  1941  one  of  us  [3]  studied  the  reaction  of  aluminum  chloride  with  1,3, 5-trimediyIcyclohexane;  at  that  time 
we  used  a  dehydrogenating  catalyst  for  investigating  the  reaction  products.  We  considered  it  would  be  of  interest 
to  repeat  this  work  using  the  combination  light  scattering  method  so  as  to  obtain  results  that  could  be  compared 
with  those  obtained  by  Isomerization  of  propylcyclohexanes. 
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We  used  the  data  obtained  by  Bazhulin  [6]  and  Chiurdoj^lu  [7]  on  the  individual  trimetliylcycloliexanes 
and  isomer  mixtures,  for  calculating  the  quantitative  compc'sition  of  the  isomerization  products  of  1,3, B-trimetli* 
ylcyclohexane  and  n-  and  isopropylcyclohexane. 

The  1,3,5-trimethylcycloliexane  content  was  determined  by  the  lines  at  840  and  520,  1, 2,4-trimethyl- 
cyclohexane  —  by  the  line  at  747,  1, 1,3-trimethylcycloliexane  -  by  the  line  at  726  and  the  1, 1,4-trimethyl- 
cyclohexane  content  was  determined  by  tfie  line  at  706. 

A  rather  intense  line  at  499  cm”*  was  also  present  in  the  spectra  of  isomerization  products,  obtained 
under  die  above  conditions.  However,  this  line  could  not  be  assigned  to  a  particular  isomeric  trimethylcyclo- 
hexane  on  tlie  basis  of  the  existing  literature  data.  According  to  Qiiurdoglu's  data  [7]  tliis  line  is  absent  from 
die  1,3,5-trimethylcyclohexane  spectrum , [but  it  is  present  as  a  low  intensity  line  at  502  [1]  in  die  1,2,3-tri- 
methylcyclohexane  spectrum]and  as  a  line  at  497  [1]  in  the  1,2,4-trimethylcyclohexane  spectrum. 

In  die  spectra  of  the  hydrocarbon  mixtures  diat  we  investigated,  the  lines  of  1, 2,3-trimethylcyclohexane 
were  7  —  8  times  more  intense  than  the  499  cm”*  line  and,  therefore,  this  line  could  not  be  assigned  to  1,2,3- 
trimediylcyclohexane.  Nor  can  this  line  be  assigned  to  1,2,4-trimethylcyclohexane  as  other,  much  more  in¬ 
tense,  lines  of  this  hydrocarbon  have  an  intensity  in  our  spectrum  close  to  that  of  the  499  cm**  line. 

Due  to  this,  we  were  forced  to  ignore  the  499  cm-*  line  and  other  weaker  spectrum  lines  in  carrying  out 
calculations.  The  line  at  499  cm"*  possibly  belongs  to  trimethylcyclohexane  isomers  that  have  not  yet  been 
investigated  spectroscopically:  therefore,  the  composition  of  die  isomerization  products  has  an  approximate 
character.  Lines,  characterizing  other  rings,  were  not  found  in  tlie  reaction  products. 

As  a  result  of  the  isomerization  of  n-  and  isopropylcyclohexanes  at  100*  and  at  their  boiling  points,  a 
hydrocarbon  mixture  was  obtained  consisting  of  approximately  18*70  1, 1,3 -trimethylcyclohexane,  37%  1,1,4- 
trimethylcyclohexane,  27%  1,2,4-trimethylcyclohexane  and  18%  1, 3, 5-trimethylcyclohexane. 

In  carrying  out  the  reaction  with  1,3,5-trimethylcyclohexane  under  the  above  conditions,  25-30%  of  it 
remained  unchanged,  while  its  isomerization  products  consisted  of  20-23%  1, 1,3-trimethylcyclohexane,  15-17% 

1, 1,4-trimethylcylohexane  and  35%  1,2,4-trimethylcyclohexane. 

The  reaction  products  obtained  by  the  reaction  of  1,3,5-trimethylcyclohexane.  n-  and  isopropylcyclohexane 
with  aluminum  chloride  at  0*.  practically  did  not  differ  from  the  original  hydrocarbons  either  in  constants  or 
spectra. 

Similiar  results  were  obtained  in  the  reaction  with  1,3,5-trimethylcyclohexane  and  n-propylcyclohexane 
at  25*. 

Thus,  the  results  of  the  experiments  carried  out  show  that  the  action  of  aluminum  chloride  on  the  cyclo¬ 
hexane  homologs  of  the  general  formula  CgHjg  consisted,  as  in  the  case  of  hydrocarbons  of  the  formula  CgHjg, 
of  only  the  transference  and  disproportionation  of  radicals  and  that  the  1,3,5-trimethylcyclohexane  system  was 
the  most  stable.  There  is  no  ring  isomerization  in  this  case  either.  A  considerable  amount  of  hydrocarbons 
(about  50%)  witli  two  methyl  groups  in  the  gem-position  is  characteristic  of  the  equilibrium  mixture  as  in  iso¬ 
merization  of  CgHjg  hydrocarbons.  These  observations  are  interesting  in  connection  with  the  fact  that  hydro¬ 
carbons  with  similiar  structure  are  invariably  found  in  investigations  of  the  individual  composition  of  the  benzenes. 

EXPERIMENTAL 

Synthesis  of  starting  hydrocarbons.  1.3,5-Trimethylcyclohexane  was  prepared  by  hydrogenating  commercial 
mesitylene  over  Raney  nickel  at  180-200*  and  100-120  atm.  The  constants  and  the  spectrum  of  the  1,3,5-trimeth¬ 
ylcyclohexane  we  obtained  and  the  constants  of  this  hydrocarbon  according  to  literature  data  are  given  in  Table  1. 

The  spectrum  of  the  1,3,5-trimethylcyclohexane,  which  we  prepared,  coincided  almost  completely  with 
the  spectra  given  by  P.  A.  Bazhulin  [6]  and  Chiurdoglu  [9]  for  a  mixture  of  geometric  isomers  of  1,3,5-trimethyl¬ 
cyclohexane. 

Spectrum:  254(3).  310(0.5),  325(0.1),  365(0),  408(8),  413(0.5),  434(10),  460  (0.5  broad),  510  (0).  518(15), 
621(0X  635(1.5),  787(1,5).  831(0.3);  845(6.5).  943(0.5  broad).  970(0.5),  1000(1.5),  1022(1),  1046(6.5),  1070(1.5), 
1095(1.5  broadX  1117(1).  1144(0.5)  1174(25  fundamental).  1255  (0.3),  1267(1.5).  1270(0.3X  1303(0.1);  1328(0.2), 
1342(6),  1354(1),  1358(0.5),  1408(0  broadX  1439  (1.8),  1462(10), 
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TABLE  I 


1,3,5-Trimctliyl- 

■1 

cycloiiexane 

Boiling  point 

20 

"u 

■ 

Found 

Literature 

reference 

Mixture  of  j 

1 

138.5-140°  (743  mm)  1.4270 

0.7722 

41.86 

41.56 

Prepared  in  die 

isomers 

138.5— 140°  {760mm)  1.4272 

0.7713 

_ 

_ 

presen 

t  work 

) 

1 

137.8-139°  (747mm)  1.4280 

0.7700 

— 

— 

( 

1 

Trans  form 

140.55°  (760  mm) 

1.4310 

0.7789 

— 

— 

j 

Cis  form 

1.38.55°  (760  mm) 

1 1.4268 

0.7705 

7 

n-Propylcyclohexane  was  synthesized  from  n-propyl  bromide  and  cyclohexanone.  The  n-propylcyclo- 
hexanol,  prepared  by  the  Grignard  reaction,  was  dehydrated  with  anhydrous  aluminum  sulfate  by  the  method 
described  by  Signaigo  [8].  The  n-propylcyclohexene  was  hydrogenated  to  n-propylcyclohexane  in  the  vapor 
phase  at  170-180*  using  a  partially  alkali -extracted  alloy  of  nickel  and  aluminum  [10],  The  catalyst  was  pre¬ 
pared  in  the  following  way:  fine  pieces  of  the  alioy,  which  contained  40%  nickel,  were  placed  in  a  procelain 
basin  and  10%  sodium  hydroxide  solution  was  added  in  small  portions  at  such  a  rate  that  the  temperature  of  the 
reaction  mixture  did  not  exceed  20-25*.  Sufficient  alkali  was  used  to  dissolve  about  10%  of  the  aluminum.  The 
preparation  of  the  catalyst  was  completed  by  heating  the  reaction  mixture  on  a  water  bath  at  60*  for  1.5  hours. 
After  this  the  catalyst  was  washed  with  water  till  a  neutral  reaction  to  phenolphdialein  and  it  was  placed  wet  in 
the  catalyst  tube,  through  which  nitrogen  was  passed  for  1  hour  in  the  cold  and  then  hydrogen  for  a  further  hour. 
After  this  the  hydrogen  flow  was  continued  while  the  temperature  of  the  furnace  was  slowly  raised  to  160-180* 
and  maintained  at  this  level  until  all  the  moisture  had  been  removed.  The  catalyst  prepared  in  this  way  had  a 
hig^  activity.  A  single  passage  of  benzene  at  a  volume  rate  of  0.25  yielded  cyclohexane  with  1.4263. 

After  suitable  purification,  the  n-propylcyclohexane  prepared  over  this  catalyst  was  distilled  over  metallic 
sodium. 

The  constants  and  spectrum  are  given  in  Table  2. 

TABLE  2 


Boiling  point 

20 

"D 

1  MRo 

Literattire 

reference 

Found 

Calcu¬ 

lated 

154.6—155.6°  (752  mm) 

1.4370 

1 

0.7933 

1 

41.58 

41.56 

Prepared  in  diis  wo 

154.9-155°  (760  mm) 

1.4370 

0.7930  (d^) 

— 

— 

[8] 

156.5°  (760  mm) 

1.4368 

0.7932 

■ 

[7] 

Spectrum:  182  (0.3),  193(0.5),  224  (0.2X  242(1),  276  (0),  299(4),  329(0.2),  357  (O.U  387  (  0.2X  401  (0.1). 
434(0.2),  445  (3X  460  (0),  544(0.3X  567  (0.5X  603(0,1),  678  (OX  697  (OX  733  (0.1),  738  (IX  750(0),  769(0.8) 
784  (5  broad),  794(1),  845  (2),  868  (  0.8X  875(1),  897  (1),  928  (0.2X  956  (0.2),  972  (0.6),  1037  (8),  1054  (IX 
1080  (IX  1085  (2),  1102(1.5),  1157  (IX  1166  (2  broad),  1192  (1,3),  1204  (0.2X  1255(1),  1267  (2),  1270  (1.5X 
1296(1.5),  1314(0.2X  1346(1.5),  1357  (1),  1382  (0.6),  1443  (lOX  1460(10). 
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1 


According  to  the  spectrum  analysis  data,  the  n-propylcyclohexaiie  we  obtained,  contained  97-987o  of  nor¬ 
mal  and  of  isopropylcyclohexane. 

Isopropylcyclohexane  was  prepared  by  hydrogenating  commercial  isopropylbenzene  over  Raney  nickel  at 
180-200*  and  100-120  atm  of  hydrogen.  After  suitable  purification,  the  isopropylcyclohexane  obtained  was  dis¬ 
tilled  over  metallic  sodium. 

The  constants  and  spectrum  are  given  in  Table  3. 

TABLE  3 


1 

MR[)  \ 

Bolling  point 

"D 

‘'4  1 

1 

i 

Found 

Calcu¬ 

lated 

Literature 

reference 

153.8— 154.2°  (753  mm) 

1.4402 

0.8004 

41.52 

41.56 

Prepared  In  this 
work 

[8] 

151.7-)53.0°(760mm) 

1.4411 

0.7992 

— 

— 

154.5°  (760  mm) 

1.4409 

0.8022 

— 

— 

HI] 

154.8°  (760  mm) 

1.4411 

0.8018 

““ 

— 

[7] 

Spectrum  of  isopropylcyclohexane:  218(0,4),  247(0.5),  291(0.8),  311(2.5  broad),  335(2),  373(0.3),  413 
(1  broad).  441(2),  464(2).  494(2X  530(1).  570(2).  706(0,5).  769(4.5).  785(1.2X  822(1.8).  858(2),  884(0.5)i 
927(0.3),  956(2.5  broad),  986(0.5),  1038(11  broad).  1085(2.5X  1117(1).  1164(3  broad).  1192(2),  1241(1), 
1267(3.5X  1296(1.8X  1319(0.3).  1341  (1  broad).  1350(0.5X  1382(0,3).  1443(10).  1463(1.5). 

According  to  the  spectrum  analysis  data,  the  isopropylcyclohexane  we  obtained,  contained  88‘7o  iso-  and 
12%  n-propylcyclohexane. 

Isomerization  of  1,3, 5-trimethylcyclohexane  and  isopropylcyclohexane.  The  isomerization  of  both  these 
hydrocarbons  was  carried  out  in  die  apparatus  that  we  used  in  previous  work,  for  20  hours  at  0,  25  and  100*  and 
at  die  boiling  point  of  the  hydrocarbons.  The  molar  ratio  of  aluminum  chloride  and  hydrocarbon  was  the  same 
in  all  cases  and  equalled  1:3.  The  hydrocarbons  were  distilled  over  metallic  sodium  immediately  before  the 
reactions  and  the  aluminum  chloride  was  sublimed. 

At  the  end  of  the  experiments,  the  reaction  products  were  separated  from  the  aluminum  chloride,  washed 
carefully  and  distilled  over  metallic  sodium.  Even  distillation  on  efficient  columns  was  not  worth  while  as  the 
isomerization  products  were  complex  mixtures  of  hydrocarbons  with  very  close  boiling  points. 

The  combination  scattering  spectra  were  determined  on  a  three  prism  Steichel  spectrograph.  The  apparatus 
and  the  method  of  plotting,  interpreting  and  calculating  are  described  in  a  paper  by  one  of  us  [12], 

The  experiments  at  0*  were  carried  out  in  the  following  way.  Aluminum  chloride  was  added  to  the  hydro¬ 
carbons  cooled  to  0*.  This  did  not  produce  a  rise  in  temperature.  The  experiments  were  carried  out  for  20  hours 
with  continuous  mechanical  stirring. 

At  the  end  of  the  reaction,  the  aluminum  chloride  had  not  changed  externally. 

The  constants  of  the  reaction  products,  after  suitable  purification  and  distillation,  were  practically  the 
same  as  the  constants  of  the  starting  hydrocarbons  (Table  4). 

At  25*,  the  reaction  was  carried  out  only  with  1,3, 5-trimethylcyclohexane  and  n-propylcyclohexane.  Also 
in  this  case,  at  the  end  of  the  reaction  the  aluminum  chloride  had  not  changed  externally  and  no  significant 
change  in  the  constants  of  the  reaction  products  was  observed  (Table  4). 


3046 


Tn  carrying  out  tlieexporiincnts  at  100*,  the  reaction  mixture  was  heated  on  an  oil  bath  (the  temperature 
of  die  oil  was  102- lO."!*),  After  7-8  hours  of  reaction,  the  aluminum  chloride  began  to  change  and  gradually 
turned  into  a  viscous  mass.  In  Table  4  we  give  the  constants  of  the  isomerization  products  and  their  composi¬ 
tions  according  to  tlie  spectrum  analysis  data. 

Below  we  give  the  spectra  of  these  products. 

Spectrum  of  the  products  of  isomerization  of  1,3, 5-trimethylcyclohexane:  253(1.2),  257(0.5X  285(0.5), 
326(1.5),  348(0.1),  369(0.8),  384(0.1).  397(1X  406(1.3  broad),  434(1.5),  441(1),  460(1.8),  474(0.5),  499(2.2X 
518(2.5),  539(  0),  556(1.5),  586(0.3),  673(0.1),  704(1.5),  726(2),  748(3).  787 (0.6  broad),  831(0.5),  845(1.6X 
912(0.5),  950(1  broad).  965(0.1),  998(0.5),  1046(2)  1070(1.5X  1082(1.5),  1096(1),  1144(0.2),  1167(2),  1180(3), 
1193(2),  1219(0.5),  1241(0.5),  1267(2),  1305(0.5),  1345(2),  1353(3),  1408(0.5),  1440(2X  1459(10). 


TABLE  4 


Starting  hydrocarbons 

Constants  of  start-  | 

Constants  and  composition  of  isomerizates  at 

ing  hydrocarbons  j 

0* 

25* 

100* 

boiling  point  of 
hydrocarbons 

1,3, 5-trimethyl¬ 
cyclohexane 

B.p. 

138.5-140* 

138-140* 

139-140.4* 

136.5-143* 

136.5-143* 

"P 

1.4270 

1.4270 

1.4275 

1.4274 

1.4274 

0.7722 

0.7719 

0.7729 

0.7755 

0.7752 

Yield  of  isomerization 
products(in  %) 
Composition  of  iso¬ 

- 

95 

88 

85 

90 

merization  products 

- 

Unchanged  1,3, 5 -trimethyl 

■  Trimethylcyc 

lohexane 

cyclohexane 

s 

1,1,3-23% 

1, 1,3-20% 

1.1.4-17 

1, 1,4-15 

1,2,4-35  1 

1,2,4-35 

1,3,5-25 

1,3,5-30 

n-Propylcyclohexane 

B.p. 

154.6-155.6* 

154-155.5* 

153-156* 

135-142* 

135.5-143* 

"D 

1.4370 

1.4370 

1.4365 

1.4290 

1.4290 

df 

0.7933 

0.7930 

0.7936 

0.7764 

0.7766 

Yield  of  isomerization 
products  (in  “/n) 
Composition  of  iso¬ 

94 

85 

88 

85 

merization  products 

Unchanged  n-propylcyclohexane 

Trimethylcydohex  anes 

1, 1,3-18% 

1. 1.4- 

37 

1.2,4- 

27 

Isopropylcyclohexane 

1.3, 5- 

18 

B.p. 

153.8-154* 

153.8-154* 

- 

134,5-141.5* 

133.7-143* 

? 

1.4402 

1.4400 

- 

1.4287 

1.4286 

0.8002 

0.8004 

- 

0.7760 

0.7764 

Yield  of  isomerization 
products  (in  <7o) 
Composition  of  isomeriza¬ 

95 

- 

90 

88 

tion  products 

- 

Unchanged 

Trimethylcyclohexanes 

isopropyl- 

1  1.1.3- 

18% 

cyadiexane 

1 

1. 1.4- 37 

1.2.4- 27 

1,3,5-18 
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Spectrum  of  the  products  of  isomerization  of  n-  and  isopropylcyclohexaiie:  170(0,5X  253(2),  264(0.5), 

299(0.1),  325(2),  347(0.2),  365(0.8),  380(0.3X  397(1.8),  408(2  broad),  434(1.8),  446(1.5),  460(1.5)  .499(3), 518(3.5) , 
538(0.3),  556(2),  582(0.1).  702(1.5),  726(2),  748(4),  775(0.2),  787(1X  795(0.2),  833(0.8),  845(1,5),  868(0.1), 
918(0.8).  938(0.5X  950(2),  972(0.9),  985(0.81  1001(1).  1046(2,5).  1068(1).  1083(1.8),  1100(1.5),  1120(0,31 
1166(21  1175(41  1190(21  1219(0.81  1231(0.51  1253(0.51  1268(0.51  1317(11  1323(0.31  1341(21  1352(2.51 
1380(0.fll  1408(0,51  1433(21  1460(101 


The  experiments  at  the  boiling  points  of  the  hydrocarbons  were  carried  out  at  138-140*  for  1,3,5-trimethyl- 
cyclohexane  and  at  150-155*  for  n-  and  isopropylcyclohexaiie.  After  4-5  hours,  the  aluminum  chloride  began  to 
change  into  a  viscous  mass  and  after  9-10  hours  it  was  converted  into  a  brownish  red,  syrupy  liquid.  In  Table  4 
we  give  tlie  constaits  of  die  isomerization  products  and  their  compositions  according  to  spectrum  analysis  data. 

Below  we  give  the  spectra  of  these  products. 

Spectrum  of  the  products  of  isomerization  of  1,3, 5-triniethylcyclohexane,  obtained  at  the  boiling  point  of 
the  hydrocarbon:  252(11  325(11  397(0.71  406(3  broadl  434(21  461(51  499(2.21  518(2.51  556(0.51  671(0.21 
704(11  '723(1.51  746(31  786(0.8  broadl  845(0.81  947(0.51  985(0.3\  1003(0,21  1046(21  1073(11  1170(4 
broadl  1211(0.31  1267(1  broadl  1305(0,51  1347(3.5  broadl  1443(11  1460(101 

The  spectra  of  the  isomerization  products  of  n-  and  isopropylcyclohexaiie  in  this  series  of  experiments 
were  similar  to  the  spectrum  of  the  products  of  isomerization  of  n-  and  isopropylcyclohexane  at  100*. 

SUMMARY 

No  ring  isomerization  and  only  isomerization  resulting  from  the  transference  and  disproportionation  of 
radicals,  occurred  in  the  reaction  of  aluminum  chloride  with  1,3,5-trimethylcyclohexane,  n-  and  isopropyl¬ 
cyclohexane  at  100*  as  well  as  at  the  boiling  points  of  the  hydrocarbons. 

The  isomerization  products  were  mixtures  of  1,1,3-,  1,1,4-,  1,2,4-  and  1,3,5-trimethylcyclohexane,  in 
which  approximately  50^o  was  1,1,3-  and  1, 1,4-trimethylcyclohexane;. 
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THE  REACTION  OF  I  S  O  V  A  LE  R  A  LDE  H  Y  DE  WITH  A  SOLUTION 
OF  SODIUM  ISOAMYLATE  IN  ISOAMYL  ALCOHOL 

V.  I.  Lyubomilov 


The  analogy  made  earlier  [1]  between  the  reaction  of  aldehydes  with  alkali  metal  alcoholates  and  the 
reactions  used  to  obtain  divinyl  from  alcohol  by  Lebedev's  method  and  by  alcohol  condensation  using  the  Mark- 
ovnikov-Gerbe  method  suggests  that  this  reaction  may  be  considered  as  the  prototype  of  these  important  reactions. 
However,  there  has  been  comparatively  little  investigation  of  reactions  of  aldehydes  and  ketones  with  alkali 
metal  alcoholates.  There  are  papers  by  Verley  [2]  and  Ponndorf  [3]  on  this  subject  and  others,  similiar  to  it, 
where  only  the  reducing  effect  of  these  alcoholates  on  the  carbonyl  group  was  investigated.  Weizmann  et  aL[4] 
reduced  not  only  the  carbonyl  group  but  also  the  double  bond  of  an  a,  6" unsaturated  aldehyde  with  an  alkali 
metal  alcoholate.  The  simultaneous  condensing  and  reducing  effect  of  alcoholates  on  aldehydes  or  ketones  was 
observed  in  the  papers  by  Haller  and  March  [51  Lyubomilov  and  Terentyev  [1]  and  Pratt  and  Kubler  [6]. 
Mastagli's  paper  [7]  on  the  effect  of  aldehydes  on  an  alcohol  solution  of  caustic  potash  may  also  be  considered 
with  this  group.  The  formation  of  compounds  corresponding  to  the  reduction  products  of  substances,  formed  by 
aldol  condensation  with  subsequent  aldehyde  crotonization,  was  observed  in  these  investigations.  By  this  method, 
saturated  and  a,  B "unsaturated  alcohols  with  branching  at  the  a -carbon  atom  were  obtained. 

In  the  present  work  isovaleraldehyde  was  treated  with  a  solution  of  sodium  isoamylate  in  isoamyl  alcohol. 
We  investigated  the  effect  of  temperature  and  time  of  reaction  on  the  amount  of  saturated  and  unsaturated 
alcohols  and  other  reaction  products  formed.  As  can  be  seen  from  the  data  in  Table  1,  the  amount  of  Ciq  alco¬ 
hols  increased  with  an  increase  in  the  reaction  temperature  and  time.  The  relative  amount  of  unsaturated  Cxo 
alcohol  meantime  decreased  which  can  be  seen  by  the  decrease  in  the  bromine  numbers  of  these  fractions.  The 
high  boiling  condensation  products  were  formed  in  a  large  amount  under  milder  reaction  conditions.  Further,  the 
reaction  products  were  investigated  in  detail.  We  did  not  try  to  find  out  the  effect  of  reaction  conditions  on  the 
amount  of  each  component  formed  but  investigated  the  mixture  of  products  obtained  from  experiments  carried 
out  under  various  conditions.  The  separation  of  neutral  and  then  acidic  products  was  carried  out  by  fractional 
distillation.  The  fractions  and  fraction  groups  obtained  were  thoroughly  investigated. 

A  small  amount  of  aldehydes,  probably  of  the  saturated  series,  and  three  alcohols  with  extremely  close 
boiling  points  were  found  in  the  neutral  reaction  products  (after  distilling  off  the  excess  isoamyl  alcohol).  Two 
of  the  alcohols  were  C10H20O  alcohols  and  one  belonged  to  the  saturated  series  Cijl^O.  The  unsaturated  alcohol 
with  b.p.  201.5-202*  gave  2,6-dimethyl-3-methylolheptane  on  hydrogenation  and  when  oxidized  with  potassium 
permanganate,  gave  isobutyric  acid  and  5-methyl-2-isopropyl-4-hydroxy-3-ketocaproic  lactone.  This  established 
its  structure  as  2,6-dimefriyl-3-methylolheptene-4.  This  alcohol  could  have  been  formed  by  the  reduction  of  the 
carbonyl  group  of  the  corresponding  6,  y -unsaturated  aldehyde.  Such  carbonyl  compounds  are  known.  Thus,  for 
example,  two  isomers  of  mesityl  oxide  have  been  isolated  [8]  which  differed  in  the  a,B“  and  6,  y -position  of 
their  double  bond.  The  second  unsaturated  alcohol  was  2,6-dimethyl-3-methylolheptene-3,  as  can  be  seen  by 
comparing  its  properties  withthoseof  authentic  2, 6-dimethyl-3-methylolheptene-3.  The  saturated  alcohol  was 
2,6-dimethyl-3-methylolheptane  as  it  was  identical  with  the  one  obtained  by  hydrogenation  of  2,6-dimethyl-3- 
methylalheptene-3.  Glycols  were  also  among  the  neutral  products  with  high  boiling  points  as  is  shown  by  the 
high  hydroxyl  content  of  some  fractions. 

The  acidic  condensation  products  consisted  mainly  of  isovaleric  acid,  while  the  products  with  high  boiling 
points  were  mainly  lactones.  The  lactone  CioHig02  was  isolated  in  a  rather  pure  form  and  it  was  probably  the 
y -lactone  of  5-methyl-2-isopropyl-4-hydroxycaproic  acid,  formed  by  the  scheme; 
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2CH;,-CH-CH2— C<f  — »►  CH;,-CH-CH2— CHOH— CH-C  — ► 

I  I  I  'H 

CH,  CH,  CH 

/\ 

CH;,  CH;, 

/P  o 

CH  ,-CH-CH-CH-CH-Cf  — ^  CH  ,-CH-CH=CH-CH-C;  ^ 

I  ^H  I  I  ^OH 

CH;,  CH  CH,  CH 

/  \  /\ 

CHa  CH;,  CH,  CH;, 

/O  ' 

— »■  CHa-CH-CHOH-CHa-CH-Ce' 

I  I  ^OH 

CHa  CH 

\ 

CHa  CH;, 


The  other  lactone  with  lii^’her  point  could,  presumably,  have  been  the  6 -lactone,  of  7-methyl- 

2, 4-diisopropyl -5 -hydroxycaprylic  acid,  greatly  contaminated  with  impurities.  These  lactones  were  together 
with  a  mixture  of  saturated  and  unsaturated  acids  of  the  Cm  and  series. 


EXPERIMENTAL 

The  Reaction  of  Sodium  Isoamylate  with  I  so  va  le  r  a  1  de  h  y  de 

Into  a  flask  with  a  stirrer,  a  reflux  condenser,  a  thermometer  and  a  dropping  funnel,  we  loaded  176  g  of 
isoamyl  alcohol  and  dissolved  11.5  g  of  metallic  sodium  in  it  at  100-110*.  Then,  over  a  period  of  30  minutes, 
43  g  of  freshly  distilled  isovaleraldehyde  (b.p.  91*)  was  added.  At  the  end  of  the  addition,  the  reaction  mixture 
was  either  kept  at  this  temperature  or  quickly  cooled  and  washed  with  water  to  a  neutral  reaction.  The  alcohol 
layer  was  distilled  in  vacuum  with  a  small  fractionating  column;  fractions  of  isoamyl  alcohol  and  condensation 
product  were  collected  in  the  ranges  from  96  -  98*  (20  mm)  to  105-106*  (10  mm),  which  corresponded  to  C^ 
alcohols.  The  residue  in  the  distillation  flask  consisted  of  high  boiling  condensation  products.  We  determined 
the  bromine  number  of  the  alcohol  fraction  by  the  bromide-bromate  method  or  by  Kaufman’s  method.  It  is 
expressed  in  mg  Br  per  g  of  sample.  The  washing  water  was  concentrated  and  acidified  with  the  calculated 
amount  of  sulfuric  acid.  The  organic  acid  was  isolated  by  the  usual  method.  The  data  on  the  experiments 
carried  out  are  given  in  Table  1. 


TABLE  1 

Condensation  of  Isovaleraldehyde  with  Sodium  Isoamylate 


Experiment  No. 

Temperature 

Yield  (in  r) 

Bromine  number  of 
Cio  alcohol  fraction 

Cio  alcohol 
fraction 

Hi^  boiUng 
alcohols 

Acid 

products 

1 

110* 

19.5 

21.0 

9.7 

844.5 

2 

120 

25.3 

13.0 

12.1 

854.0 

3 

130 

27.1 

8.8 

9.8 

861.0 

4 

140 

30.4 

9.0 

12.2 

747.7 

5 

140 

33.2 

7.0 

10.6 

511.5 

Footnote.  In  all  the  experiments  die  aldehyde  was  run  in  over  30  minutes;  in  experiments  1-4  there  was  no  further 
heating,  in  exj>eriment  5.  heating  was  continued  for  2  more  hours. 

The  neutral  condensation  products,  obtained  as  described  above  from  experiments  carried  out  under  various 
conditions,  were  combined  and  carefully  fractionated  in  vacuum  on  a  column  1.7  m  high  and  22  mm  diameter. 
The  packing  was  "Raschig  rings"  cut  from  glass  tubing  4  mm  in  diameter.  The  distillation  rate  was  4-5  drops  per 
minute  at  a  reflux  ratio  of  10-20.  157  g  of  material  was  fractionated.  At  the  end  of  the  fractionation,  the  high 
boiling  condensation  products  were  added  to  the  residue  in  the  distillation  flask  and  distilled  from  a  Claisen  flask 
with  a  high  side  arm. 
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The  aldehyde  fractions  (8.2  g)  had  b.p.  from  50.5*  (4  mm)  to  64.5*  (3.5  mm).  The  aldehyde  content  (with 
hydroxylamine,  calculated  on  a  molecular  weight  of  156)  was  39,5%. 

2,6-Dlmethyl-3-methylolheptene-4.  Yield  48,9  g.  The  constants  and  derivatives  are  given  in  Table  2. 

Found  %:  C  77.1,  76.9;  H  12,4,  12.8;  OH  10.95,  11.38:  bromine  number  1018,  1034.  C,oHi,OH  Calculated 

%:  C  76.9;  H  12.9;  OH  10,89;  bromine  number  1024. 

For  the  catalytic  hydrogenation  of  2.6-dimethyl-3-methylolheptene"4  we  used  6  g  of  die  material,  about 
2  g  of  Raney  catalyst  and  4  ml  of  ethyl  alcohol.  856  ml  (NTP)  of  hydrogen  was  absorbed  when  the  amount  cal¬ 
culated  for  CijHigOH  was  863  ml.  The  yield  was  4.9  g. 

B.p.  73.5-74.7*  (3.5  mmX  d^®  0.8352,  nJJ  1.4372. 

The  constants  of  the  material  obtained  corresponded  almost  exactly  with  die  constants  of  2,6-dimediyl-3- 
methylolheptane,  prepared  by  hydrogenating  the  corresponding  unsaturated  aldehyde  (see  below). 

For  the  oxidation  of  2,6-dimethyl-3-methylolheptene-4  we  placed  6.5  g  of  the  material  and  50  ml  of 
water  in  a  flask  with  a  stirrer  and  a  dropping  funnel.  Over  a  period  of  2  hours  a  solution  of  25  g  of  potassium 
permanganate  in  600  ml  of  water  was  run  in.  The  neutral  product  was  distilled  off  in  steam.  The  manganese 
dioxide  precipitate  was  filtered  off  and  washed  with  hot  water.  The  filtrate  and  water  washings  were  concen¬ 
trated  to  approximately  30  ml  and  acidified  with  4.5  ml  of  sulfuric  acid  in  10  ml  of  water.  The  acids  were  ex¬ 
tracted  with  ether  and  dried  with  baked  sodium  sulfate,  the  ether  was  distilled  off’  and  the  acids  were  distilled 
in  vacuum. 

The  yield  was  1.5  g  fraction  with  b.p.  80-82*  (43  mm),  c^*  0.9535,  nf^  1.3945.  Found:  acid  number 

629.  C4Hg02.  Calculated:  Acid  number  636. 

The  silver  salt  was  prepared  by  the  usual  method. 

Found  %:  Ag  54,7.  C4H7C)iAg.  Calculated  %:  Ag  55.3. 

The  anilide  was  prepared  by  treating  1.3  g  of  the  material  with  thionyl  chloride  and  subsequently  boiling 
the  acid  chloride  with  a  solution  of  2  g  of  aniline  in  3  ml  of  benzene.  The  m.p.  was  103.5-104*.  The  m.p. 
reported  for  isobutyric  anilide  is  105*  [9]. 

The  fraction  with  b.p.  131-145*  (5  mm)  (1.1  g)  crystallized  on  standing.  M.p.  178-179*  (from  dilute  alco¬ 
hol);  the  colorless  crystals  were  flat  needles,  which  were  insoluble  in  water  and  petroleum  ether  but  soluble  in 
alcohol  and  benzene. 


Found  %:  C  65.6,  65.2;  H  8.30,  8.60.  Esterification  number  307.  CigHigOg.  Calculated  %:  C  65.2;  H 

8.70.  Esterification  number  305. 

2.6- Dimethyl-3-methylolheptene-3  was  isolated  from  the  fractions  following  fractions  of  2, 6- dimethyl -3- 
methylolheptene-4  and  consisting  of  a  mixture  of  2,6-dimethyl-3-methylheptene-3  and  2, 6-dimethyl- 3-methyl- - 
olheptane,  by  repeated  careful  fractionation  of  them  in  vacuum  on  a  pear  column  1  m  hi^.  The  constants  are 
given  in  Table  2. 

Found  %;  C  77.30;  H  12.60;  OH  11.10.  Bromine  number  1021.  CigHijOH  Calculated  %:  C  76.92;  H 

12.88;  OH  10.89.  Bromine  number  1024. 

2.6- Dimethyl-3-methylolheptane  was  isolated  by  fractional  distillation  after  the  previous  removal  of 
the  unsaturated  alcohols  by  oxidation  with  an  aqueous  solution  of  potassium  permanganate.  The  constants  are 
given  in  Table  2. 

A  fraction  (5.5  g)  containing  glycol  was  obtained. 

B.p.  110-113*  (2  mm),  d?  0.9154,  nfj  1.4608.  Found  %:  OH  14.2.  CijHjiOi.  Calculated  %;  OH  13.8, 
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2. 6* Dlniethvl-3- me thvlalheptene -3  was  prepared  by  the  method  of  Batalin  and  Slavlna  [10]  for  the  prepara¬ 
tion  of  2-ethylhexen-2-al  from  butyraldehyde.  However,  the  condensation  of  isovaleraldehyde  had  to  be  carried 
out  at  a  slightly  higher  temperature  (15*)  and  for  a  slightly  longer  time  (4  hours).  Otherwise  the  corresponding 
aldol  mainly  formed  and  much  of  the  Isovaleraldehyde  remained  unreacted.  From  200  g  Isovaleraldehyde  we  ob¬ 
tained  101.2  g  (65.5*70)  of  2,6-dimethyl-3-methylalheptene-3  and  recovered  27  g  of  unreacted  Isovaleraldehyde. 

By  repeated  fractionation  on  a  pear  column  1  m  high,  we  obtained  a  narrow  fraction  of  2,6-dlmethyl-3-methyl- 
alheptene-3  with  the  constants  and  derivatives  given  in  Table  2. 

Synthesis  of  2,6-dimethyl-3-methylolheptane.  5.0  g  of  2,6-dlmethyl-3-methylalheptene*3  In  8  ml  of  alco¬ 
hol  was  hydrogenated  catalytically  at  room  temperature  over  2.5  g  of  Raney  nickel.  1465  ml  (NTP)  of  hydrogen 
was  absorbed  while  the  calculated  amount  was  1455  ml.  After  filtration,  evaporating  off  the  alcohol  and  distilling 
in  vacuum,  we  isolated  3^5  g  of  material  whose  constants  are  given  in  Table  2. 

Found  <7o:  OH  11.0.  CioHiPH,  Calculated  *70:  OH  10,8. 


TABLE  2 

Properties  of  the  Products  Obtained 


Sample 

No. 

BiliilllH 

HI 

HB' 

Derivative 

1 

2,6-Dimethyl-3-methyl- 

201.5-202*(761), 

0.8345 

1.4440 

a-Naphthylurethan, 

olheptene-4 

67-67,5’(4) 

m.p.  64* 

2 

2,6-Dimethyl-3-methyl- 

2  04 -2 04. 5*  (74^ 

0.8496 

1.4521 

a  -  Naphthylurethan, 

olheptene  -3 

68.5-69.5*(4),*  ^ 

m.p.  69-69.5* 

66-67*(3.5)** 

1 

0.8485 

[ 

1.4512 

m.p.  67.8-68.5* 

3 

2,6-Dimethyl-3-methyl- 

209-209.5*(761)* 

:  0.8347 

1.4372 

a-Naphthylurethan, 

olheptane 

m.p.  47.5-48.2* 

208-209*(748)** 

0.8361 

1 

1.4370 

m.p.  48.5* 

4 

2,6-Dimethyl-3-rhethyl- 

2, 4-  Dinitrophenyl- 

alheptene-3 

49.5-50*(3.5) 

0.8454 

1.4519 

hydrazone  m.p. 

1 

1 

i 

m.p,  138.7* 

5 

5 -Methyl-2 -isopropyl-4- 

1 

hydroxycaproic  lactone 

98 -102* (4) 

0.9906 

1.4608 

— 

•  Data  referring  to  the  synthetic  material. 

*•  Data  referring  to  the  material  isolated. 

Synthesis  of  2.6-dimethyl-3-methylolheptene-3.  Into  a  flask  fitted  with  a  pear  fractionating  column 
20  cm  high,  we  placed  33.0  g  of  2,6-dimethyl-3-methylalheptene-3,  43.7  g  of  aluminum  isopropoxide  and  102g 
of  isopropyl  alcohol.  The  flask  was  heated  on  an  oil  bath  so  that  the  distillation  went  slowly  until  there  was  no 
acetone  in  the  distillate.  After  the  usual  working  up  and  fractionation,  we  obtained  18.8  g  (57  %)  of  a  material 
with  the  constants  given  in  Table  2. 

Found  *70!  OH  .10.75.  Bromine  number  1019.  CioHjjOH  Calculated  *70;  OH  10.89.  Bromine  number  1024. 

The  acid  products,  obtained  in  different  condensations  of  isovaleraldehyde  with  sodium  isoamylate,  were 
combined  (70,8  g)  and  slowly  fractionated  in  vacuum  on  a  pear  column  20  cm  high.  From  the  lower  boiling  frac- 
tioru  we  isolated  33  g  of  isovaleric  acid. 

B.p.  55.5*  (4.5  mm),  dj®  0.9310,  ng  1.4038. 

Acid  number  548.5.  CsHioO^.  Calculated;  Acid  number  549.4.  Literature  data;  b.p.  59.6*  (5  mm)  [11], 

d®-*  0.9332,  ng*®  1.4018  [12], 


3052 


1 


The  higher  boiling  fractions  contained  a  y -lactone.  Of  the  11  g  obtained,  5g  was  washed  with  soda  solution 
and  water  and  distilled  in  vacuum  from  a  Claisen  flask.  We  obtained  2.6  g  of  a  quite  mobile,  light  yellow  liquid, 
which,  according  to  analysis,  was  5-methyl-2-isopropyl-4-hydroxycaprylic  lactone.  The  constants  are  given  in 
Table  2. 

Found  C  70.20;  H  9.00.  Esterification  number  332.8;  bromine  number  25.  CjgHigOt.  Calculated 

C  70.59;  H  10.60.  Esterification  number  329.9. 

On  mixing  with  warm  caustic  soda  solution,  the  product  dissolved  completely  and  on  acidification  it  sepa¬ 
rated  out  unchanged.  By  hydrolyzing  a  sample  of  the  lactone  with  excess  caustic  soda,  neutralizing  the  excess 
alkali  and  adding  silver  nitrate,  we  obtained  the  silver  salt  of  the  corresponding  acid,  which  was  washed  with  water, 
dried  in  a  desiccator  and  analyzed. 

Found  %:  Ag  37.4.  CioHi903Ag.  Calculated  %;  Ag  36.6. 

The  soda  solution  from  washing  the  y -lactone  was  concentrated  and  acidified  with  sulfuric  acid.  About 
1.5 g  of  an  organic  acid  was  isolated. 

Found;  Acid  number  352,  bromine  number  340.  CigHjoQt.  Calculated;  Acid  number  326. 

A  lactone  was  isolated  from  the  following  fractions  with  lower  acid  numbers  and  after  working  it  up  as 
described  above,  we  obtained  4.5  g  of  material. 

B.p.  127-133*  (4  mm),  dj®  0.9480,  njj  1.4666. 

Found;  M  222;  esterification  number  196,  acid  number  2.0,  bromine  number  26.  CigHigOj.  Calculated; 

M  240;  esterification  number  234. 

In  Table  2  we  give  the  properties  of  the  compounds  isolated  and  prepared  in  diis  work. 

SUMMARY 

1.  At  110-140*  isovaleraldehyde  reacts  with  a  solution  of  sodium  isoamylate  in  isoamyl  alcohol  to  form 
mainly;  2,6-dimethyl-3-methylolheptene-3,  2,6-dimethyl-3-methylolheptene-4,  2,6-dimethyl-3-methylolheptane 
and,  probably,  a  certain  amount  of  glycols  and  higher  alcohols  as  well  as  isovaleric  acid,  saturated  and  unsaturated 
acids  of  the  Cxo  and  C15  series  and  hydroxy  acids,  which  were  isolated  in  the  form  of  the  corresponding  lactones. 

2.  In  the  products  obtained  at  reaction  temperatures  of  110-130*,  mainly  unsaturated  alcohols  were  found 
among  die  alcohols  of  the  Cjg  series,  with  an  increase  in  temperature  or  reaction  time  the  amount  of  the  C|g 
alcohol  fraction  increases  as  well  as  the  relative  arriount  of  the  saturated  alcc^ol  2,6-dimethyl-3-methylol- 
heptane. 
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INVESTIGATIONS  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 


LX VIII.  DIENE  SYNTHESES  WITH  FLUOROPRENE 
I,  CONDENSATIONS  OF  FLUOROPRENE  WITH  a.  6 -UNSATURATED  ALDEHYDES 

AND  KETONES 


A.  A.  Petrov  and  A.  V.  Tumanova 


Organic  Huorine  compounds  are  lately  becoming  increasingly  important  in  the  syntheses  of  the  most  varied 
technically  valuable  materials:  solvents,  cooling  agents,  lubricants,  plastics,  new  forms  of  benzene- frostproof 
rubber  etc.  [1],  2-Fluorobutadiene“l,3-fluoroprene  [2]  is  of  great  interest  as  it  is  a  rubber  former.  Nevertheless, 
the  chemical  characteristics  of  this  materiaL  apart  from  its  polymerization  reaction,  have  hardly  been  studied. 

Our  aim  was  to  complete,  in  some  measure,  the  gaps  existing  in  fluoroprene  chemistry  and  we  studied  a 
series  of  reactions  of  this  materiaL  specifically,  dimerization  and  diene  synthesis  with  fluoroprene.  There  is 
data  in  the  literature  only  on  the  condensation  of  fluoroprene  with  maleic  anhydride,  naphthoquinone  [3]  and 
tetrafluoroethylene  [4],  Results  of  experiments  on  condensation  of  fluoroprene  with  acrolein,  methyl  vinyl  ketone 
and  methyl  acetylenyl  ketone  are  described  in  this  report. 

In  analogy  with  the  order  of  condensation  of  these  materials  with  chloroprene  [51  mainly  para -substituted 
hydroaromatic  compounds  Were  expected  in  all  cases.  That  the  condensation  product  of  fluoroprene  with  methyl 
acetylenyl  ketone  had  such  a  structure  was  proved  in  this  work. 

Mainly  polymers  and^a  small  amount  of  the  trimer,  die  anticipated  hydroaromatic  aldehyde,  were  obtained 
by  condensation  of  fluoroprene  widi  acrolein.  Trimer  formation  had  been  observed  before  in  the  condensation  of 
chloroprene  and  bromoprene  with  acrolein  [5]. 

Fluorotetrahydroacetophenone  (I)  was  obtained  in  good  yield  by  condensation  of  fluoroprene  with  methyl 
vinyl  ketone.  The  constants  of  this  material  are  compared  in  the  table  with  those  of  unsubstituted  tetrahydro- 
acetophenone  and  its  para-chloro-  and  bromo-substituted  derivatives.  It  can  be  seen  from  the  table  data  that 
(I)  boils  higher  than  the  unsubstituted  ketone  and  differs  from  all  the  other  materials  given  in  the  table  in  its 
considerably  lower  refractive  index  which  is  characteristic  of  fluoro -substituted  derivatives. 


MRq 

1  Melting  point 

Materials 

Boiling 

dr 

n-nitio- 

semicarba' 

zone 

point  at 

20  mm 

"D 

found 

calci^i 

lated 

phenyl- 

hydrazone 

^ _ )-CO-CH..,[«] 

79.5-80° 

0.9584 

1.4698 

36.09 

36.49 

142-143° 

165-166° 

F-<^ _ \_CO-CH3 

95-99.5 

1.0705 

1.4565 

36.14 

36.34 

121—122 

170-172 

Cl-;^  \_CO-CH3 

120—120.5 

1.1216 

1.4972 

41.38 

41.35 

165—166 

179-180 

Br— ^  /— CO-CH3 

135-135.5 

1.4176 

1.5252 

43.90 

44.25 

160—161 

183—185 
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We  tried  to  convert  (I)  into  p-'fluorobenzolc  acid  by  the  following  scheme  to  establish  its  structure: 


C0-CH3 

C(0H)(CH.,)2 

1 

CHi-C=CH, 

1 

1 

/\ 

1 

/\ 

1 

/\ 

1  1 

CH,M^  1  1 

-H.o 

1  1 

1 

F 

1 

F 

(I) 

(II) 

(III) 

CH(CH.,)2 

1 

COOH 

1 

z\ 

—  1  il 

1  1 

Ketone  (I)  was  converted  into  the  tertiary  alcohol  (II)  by  the  action  of  mediylmagnesium  iodide.  Alcohol 
(11)  was  a  colorless,  oily  liquid  with  a  flower-like  smelL  (11)  had  a  higher  boiling  point  and  specific  gravity  and 
lower  refractive  index  than  the  unsubstituted  alcohol,  obtained  under  the  same  conditions  from  tetrahydroaceto- 
phenone  [7]. 

The  hydrocarbon  (III),  presumably  4-fluoro-l-isopropenylcyclohexene-3,  was  obtained  by  dehydration  of 
alcohol  (n)  with  acetic  anhydride.  Hydrogen  fluoride  was  separated  in  large  quantities  and  unsubstitued  cumene 
was  the  main  product  of  dehydrogenating  (III)  over  platinized  charcoal.  Thus,  it  was  impossible  to  prove  the 
position  of  the  fluorine  atom  in  the  ring  by  the  above  schemes.  Only  the  hydroaromatic  character  of  (I)  was 
proved. 

4-Fluoro-A^'*  -dihydroacetophenone  (IV)  which  partially  crystallized  when  cooled  was  obtained  by  con¬ 
densation  of  fluoroprene  with  methyl  acetylenyl  ketone.  The  crystals,  after  washing  with  petroleum  ether,  melted 
at  42*  and  on  standing  again  gave  an  oil.  The  crystals  and  oil  behaved  the  same  chemically.  Apparently,  geo¬ 
metric  isomers  (IV)  were  formed  by  condensation  of  fluoroprene  with  methyl  acetylenyl  ketone  and  their  exis¬ 
tence  was  due  to  the  nonplanar  nature  of  the  1,4-cyclohexadiene  ring. 

No  condensation  products  were  formed  on  heating  (IV)  with  maleic  anhydride.  Therefore,  the  material  did 
not  have  a  conjugated  system  of  dpuble  bonds.  p-Fluoroacetophenone  was  obtained  by  dehydrogenating  (IV)  with 
chloranil.  The  oxidation  of  the  former  with  dilute  nitric  acid  gave  p-fluorobenzoic  acid.  This  reaction  proved 
that  the  fluorine  atom  in  (IV)  was  in  the  para-position  to  the  acetyl  group. 

A  tertiary  alcohol  (V).  in  the  form  of  a  colorless  liquid  with  a  pleasant  smell,  was  obtained  by  treating  (IV) 
witfi  methylmagnesium  iodide.  The  vinylcyclohexadiene  fluorohydrocarbon  (VI)  was  obtained  by  distilling  (V) 
widi  a  10%  solution  of  oxalic  acid.  The  product  was  a  colorless  liquid  with  an  aromatic  smell.  It  readily  de¬ 
colorized  bromine  water. 


(VI)  was  readily  isomerized  into  p-fluorocumene  by  heating  witfi  hydrochloric  acid  on  a  water  bath.  Iso¬ 
merization  by  acid  is  a  normal  property  of  vinylcyclohexadiene  compounds  [8].  As  in  a  series  of  cases  investi¬ 
gated  earlier,  the  aromatic  compounds  boiled  considerably  lower  than  die  isomeric  vinylcyclohexadiene  com¬ 
pound. 


p-Fluorobenzoic  acid  with  m.  p.  181-183*  was  obtained  by  oxidizing  p-fluorocumene  with  dilute  nitric 

CH, 


/\/ 


CO-CHj 


\/ 

tIV) 


/\/ 


/\/ 

(V) 


C(0H)(CH3)2 


/\/ 


C=CHo 


-H.o 


/\ 


(VI) 
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/CH(CH3)2 
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/\/COOH 

-M  J 


(V/I) 


The  following  conclusions  may  be  drawn  from  a  comparison  of  the  results  of  experiments  on  the  conden¬ 
sation  of  fluoroprene,  chloroprene  and  bromoptene  with  unsaturated  aldehydes  and  ketones:  1)  the  condensation 
product  yield  was  considerably  less  in  the  reaction  of  acrolein  with  fluoroprene  dian  in  the  reactions  of  this 
aldehyde  with  chloroprene  and  bromoprene ,  probably  due  to  the  greater  activity  of  traces  of  hydrogen  fluoride  as 
catalysts  for  acrolein  polymerization;  2)  in  reactions  of  fluoroprene  with  a  ketone,  the  condensation  product 
yield  was  correspondingly  higher  and.  furthermore,  a  considerably  lower  degree  of  polymer  formation  was  ob¬ 
served.  This  regular  behavior  was  due  to  the  weaker  tendency  of  fluoroprene  to  polymerize,  as  compared  with 
its  analogs. 


EXPERIMENTAL 

1.  Condensation  of  fluoroprene  with  acrolein.  21.6  g  of  fluoroprene,  20  g  of  acrolein,  20  ml  of  toluene 
and  0.5  g  of  hydroquinone  were  heated  in  sealed  glass  tubes  at  120*  for  12  hours.  The  reaction  products  were 
steam  distilled.  After  the  residues  of  acrolein  and  the  toluene,  a  crystalline  material  began  to  come  through  in 
the  condenser.  After  exhaustively  distilling  off  this  material,  about  20  g  of  polymer  remained  in  the  flask. 

From  the  condenser  and  the  receiver  we  recovered  6.2  g  (IS^)  of  the  trimer  4-fluoro-A*  -tetrahydrobenz  - 
aldehyde  widt  m.p.  164-165*  (after  recrystallization  from  a  mixture  of  alcohol  and  toluene). 

Found  F  14.49.  M  383.6.  (CTHgOF),.  Calculated  %:  F  14.82.  M  384.4. 

The  fluorine  analysis  of  this  and  subsequent  compounds  was  carried  out  by  Elving  and  Ugetf  s  method  [9]. 
The  molecular  weight  was  determined  cryoscopically  in  benzene. 

2.  Condensation  of  fluoroprene  with  methyl  vinyl  ketone.  38  g  of  fluoroprene,  38  g  of  methyl  vinyl  ketone 
and  0.5  g  of  hydroquinone  in  48  ml  of  toluene  were  heated  in  sealed  tubes  at  140*  for  10  hours.  The  reaction  pro¬ 
ducts  were  distilled  in  steam  and  then  in  vacuum.  From  this  we  obtained  55  g  (13%)  of  4-fluoro-A *"tetrahydro- 
acetophenone  (I)  with  the  constants  given  in  the  table. 

Found  ia:  F  13.46.  CjHnOF.  Calculated  %  F  13.36. 

The  nitrogen  derivatives  of  this  ketone  were  prepared  under  the  usual  conditions.  The  melting  points  are 
given  in  the  table.  The  p-nitrophenylhydrazone  was  recrystallized  from  aqueous  ethyl  alcohol. 

Found  <7o:  N  15.26.  Ci4HijOiN3F.  Calculated  N  15.16. 

The  2.4-dinitrophenylhydrazone  was  recrystallized  from  ethyl  alcohol. 

Found  %:  N  16.93.  CmHi504N4F.  Calculated  %•  N  17.39. 

The  semicarbazone  was  recrystallized  from  water. 

Found  %:  N  21.42.  CgHnONjF.  Calculated  %i  N  21.10. 

28.5  g  of  fluorotetrahydroacetophenone  was  added  to  an  ice  cold  ether  solution  of  the  Grignard  reagent 
prepared  from  5.6  g  of  magnesium  and  40  g  of  methyl  iodide.  The  mixture  was  worked  up  in  die  usual  way  to  give 
18.3g(57.7%)  of  dimethyl-4-fluorocyclohexen-3-yl-carbinor(n). 
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B, p.  108-109*  (20  mm).  ($®  1.0478,  n|®  1,4680,  MR^  42,00;  calc.  42,52.  Found  F  12,50;  OH  10.35. 

C, Hi/OH)F.  Calculated  %:  F  12.02;  OH  10.74. 

21  g  of  the  alcohol  (11)  and  27  g  of  acetic  anhydride  were  heated  in  sealed  tubes  at  200*  for  8  hours.  The 
reaction  products  were  steam  distilled.  We  obtained  12.5  g  of  an  oil,  a  considerable  part  of  which  was  unreacted 
alcohol  (H)  or  its  acetate.  By  distilling  the  oil  we  isolated  a  hydrocarbon  fraction  (4  g),  which  was  apparently 
slightly  impure  4-fluoro-l-isopropenylcyclohexene-3  (111). 

B.p,  58-62*  (20  mm),  dj"  0,9255,  nJJ  1.4625.  Found  F  12.89.  C,H,jF,  Calcilated  F  13.55, 

By  dehydrogenating  (III)  on  platinized  charcoal  at  300*,  we  obtained  cumol  with  slight  impurity,  which  was 
apparently  p-  fluoroisopropylbenzene. 

B.p.  151-153*.  d^®  0.8854,  ng  1.4880. 

Literature  data  for  cumol  [10]:  b.p.  152.2*;  d*®  0.8617,  ng  1.4913. 

The  constants  of  p-fluoroisoproylbenzene  are  given  below. 

3.  Condensation  of  fluoroprene  with  methyl  acetylenyl  ketone.  20  g  of  fluoroprene,  60  ml  of  a  toluene  solu¬ 
tion  of  methyl  acetylenyl  ketone  (containing  about  12%  of  the  latter)  and  0.2  g  of  p-tert.-butylpyrocatechol  were 
heated  at  120*  for  12  hours.  The  yield  of  4-fluoro-A*'^-dihydroacetophenone  (IV)  was  16.5  g  (67*70). 

B.p,  105-106*  (20  mm),  4®  1.1290,  ng  1,4922,  MR^  36,03;  calc.  35.92.  Found  %:  F  12.86.  CgHjOF. 

Calculated  %•.  F  13.55. 

On  cooling  to  -  10*  the  material  partly  crystallized.  The  crystals  were  filtered  off  and  washed  with  petroleum 
ether.  The  yield  was  2.6 g.  The  m.p  was  41-42*.  It  was  readily  soluble  in  methyl  and  ethyl  alcohol^  ether  and 
chloroform.  Its  deliquesced  partly  on  storing. 

Found  *7o:  F  13.08.  CgHgOF,  Calculated  %:F  13,55, 

1  g  of  ketone  (IV)  (the  fraction  105-106*  at  20  mm)  was  heated  with  0.7  g  of  freshly  distilled  maleic  an¬ 
hydride  in  10  ml  of  benzene  on  a  boiling  water  bath  for  3  hours.  The  mixture  obtained  was  heated  with  25  ml  of 
b%  potassium  hydroxide  solution.  The  alkaline  solution  was  acidified  with  sulfuric  acid.  Extraction  of  this  solu¬ 
tion  with  ether  gave  only  maleic  acid. 

The  nitrogen  derivatives  of  the  ketone  (IV)  were  prepared  by  the  usual  method,  by  which  they  were  made 
from  the  crystalline  product  and  the  original  oil. 

The  2,4-dinitrophenylhydrazone  from  both  the  products  had  the  same  m.p:  223-225*  (from  ethyl  alcohol). 

Found  %:  N  17.38.  C14H13O4N4F.  Calculated  %;  N  17.54. 

The  p-nitrophenylhydrazone  from  the  crystalline  material  melted  slightly  higher  than  that  from  the  original 
oil  (221-222*  and  213-215*). 

Found  for  the  first  sample  %:  N  15.43,  15.36.  C;4Hi402NjF.  Calculated  %  N  15.26. 

By  treating  10.2  g  of  fluorodihydroacetophenone  (IV)  with  the  Grignard  reagent  prepared  from  2.57  g  of 
magnesium  and  16  g  of  methyl  iodide,  we  obtained  6g  (53%)  of  dimethyl-4-fluorocyclohexadien-l,4-yl-carbinol 
(V). 


B.p.  100-102*  (20  mm),  dj®  1.1255.  ng  1.4910,  MR^  36.07;  calc.  35.92.  Found  %:  F  11.98.  CgH^OF. 
Calculated  %:  F  12.16. 

Distilling  6.5  g  of  (V)  wifli  a  10%  solution  of  oxalic  acid  yielded  5.4  g  of  an  oil,  from  which  we  isolated  4g 
of  a  material,  which  was  apparently  4-fluoro-l-isopropenyl-cyclohexadiene-l,4  (VI). 
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B.p.  75-77*  (20  mmX  dj®  1.0134.  1.4990,  MR^  40.00;  calc.  40.06,  Found  F  13.47.  CgHnF. 

Calculated  F  13.74, 

2g  of  (VI)  was  heated  with  3  ml  of  acetic  acid  and  1  ml  of  concentrated  hydrochloric  acid  in  sealed  tubes 
on  a  boiling  water  bath  for  3  hours.  The  reaction  products  were  steam  distilled.  The  solution  was  washed  with 
potasli,  dried  over  CaClj  and  the  p-fluorocumol  (VII)  was  distilled  in  vacuum. 

B.p.  54.5-55.5*  (20  mm),  d$®  0,9783.  n|®  1.4716,  MRp  39.50;  calc.  40.16.  Found  F  12.97.  CbHuF. 

Calculated  %:  F  13.74. 

0.25  g  of  fluorocumol  was  oxidized  with  5  ml  of  25%  nitric  acid  on  a  boiling  water  bath  for  8  hours.  On 
cooling,  crystals  of  p-fluorobenzoic  acid  separated.  The  m.p.  was  181-183*  (from  hot  water).  A  mixed  m.p. 
with  authentic  p-fluorobenzoic  acid  was  not  depressed. 

2.2.  g  of  (IV)  was  heated  with  3.7  g  of  chloranil  in  xylene  solution  for  4  hours.  After  the  usual  treatment, 
the  mixture  yielded  1.2  g  of  p-flucaroacetophenone. 

B.p.  78.5-79*  (12  mm),  n|5  1.5100. 

Literature  data  [11];  b.p.  79*  (12  mm),  1.5081. 

By  oxidizing  the  material  with  dilute  nitric  acid,  we  obtained  p-fluorobenzoic  acid  with  m.p,  179-181*. 

SUMMARY 

1.  The  condensation  of  fluoroprene  with  acrolein,  methyl  vinyl  ketone  and  methyl  acetylenyl  ketone  wis 
investigated. 

2.  The  trimer,  the  anticipated  fluorotetrahydrobenzaldehyde,  was  obtained  from  fluoroprene  and  acrolein. 

3.  Fluorotetrahydroacetophenone  was  obtained  from  fluoroprene  and  acrolein,  fluorodihydroacetophenone  — 
from  fluoroprene  and  methyl  acetylenyl  ketone.  The  structure  of  the  latter  product  was  proved  by  conversion  in¬ 
to  p-fluorobenzoic  acid  by  two  methods. 

4.  Tertiary  alcohols  were  obtained  by  the  action  of  a  Grignard  reagent  on  fluorotetrahydro-  and  fluoro- 
dihydro-acetophenones  and  from  the  alcohols  we  obtained  fluoro  hydrocarbons  which  were,  presumably,  4-fluoro- 
l-isopropenylcyclohexene-3  and  4- fluoro- 1-isopropenylcyclohexadiene- 1,4,  p-Fluorocumene  was  obtained  by 
isomerization  of  the  latter  with  hydrochloric  acid, 

5.  The  possibility  of  obtaining  a  series  of  fluoro -containing  hydroarbmatic  compounds  from  fluoroprene  by 
the  method  of  diene  synthesis  was  established. 
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HYDROLYSIS  OF  A  L  K  Y  LD  10  X  A  NES 


M.  I.  Farberov  and  N.  K,  Shemyakina* 


Alkyldioxanes-1,3  are  presently  technically  available  products  as  they  are  obtained  in  hi^  yields  by  reac¬ 
tion  of  olefins  with  aldehydes  in  the  presence  of  acidic  catalysts  [1].  Alkyldioxanes-1,3  are  acetals  (fortnals)  of 
the  corresponding  dioIs-1,3,  and  like  all  acetals,  are  readily  hydrolized  by  acid. 

We  were  interested  in  the  hydrolysis  of  alkyldioxanes  as  we  considered  that  there  was  a  possibility  of  using 
this  reaction  for  diol-1,3  synthesis  and  of  using  the  aldehydes,  split  off  by  the  hydrolysis,  for  the  quantitative 
determination  of  dioxanes. 

Acetal  hydrolysis  is  a  reversible  reaction  and  the  equilibrium  state,  widi  all  other  conditions  equal,  depends 
on  the  nature  of  the  alcohol  (diol)  and  aldehyde  [2].  It  is  necessary  to  remove  the  aldehyde  from  the  sphere  of 
the  reaction  as  a  compound,  to  obtain  the  fullest  possible  reaction. 

For  the  diol  synthesis,  we  carried  out  the  alkyldioxane  hydrolysis  (methanolysis)  in  die  presence  of  a  small 
amount  of  sulfuric  acid  and  excess  methyl  alcohol  at  the  boiling  point  of  the  reaction  mixture.  The  methyl 
alcohol  combined  with  the  aldehyde,  separated  as  a  low-boiling  acetal  (methylalX  which  was  easily  removed 
from  the  sphere  of  the  reaction.  (An  analogous  patent  has  been  filed  in  the  USA  [3].) 

The  hydrolysis  of  4*methyldioxane-l,3  (I)  and  4,5-dimethyldioxane-l,3  (11)  proceeded  very  smoothly. 
Under  these  conditions  the  only  reaction  products  formed  were  the  corresponding  diols;  butandiol-1,3  (III)  and 
2-methyl-butandiol-l,3  (IV).  No  side  or  tar-like  products  were  formed.  We  succeeded  in  obtaining  80%  and 
hi^er  yields  of  diol.  Formaldehyde  was  removed  in  the  form  of  methylal  (V). 


CH3-CH-CH2-CH, 


O— CHj— O 
(I) 

CHa 

CH3-CH-CH-CH2 


CH3-CH-CH2-CH2 


2CH3OH 


CH^pCHa), 


2CH3OH 


6— CH2— O 
(It) 


OH  OH 

(III) 

CH3 

CH3-CH-CH-CH2 


OH  OH 

(IV) 


CH2(0CH3), 


The  reaction  proceeded  much  less  smoothly  for  dialkyldioxanes  which  have  the  oxygen  atom  connected  to 
a  tertiary  carbon  atom. 

In  hydrolizing  4.4-dlmethyl-dioxane-l,3  (VI).  together  with  the  dioL  3-methyl-butandiol-l,3  (VII),  a  con¬ 
siderable  amount  of  the  monomethyl  ether  of  tfiis  diol,  ['3-methyl  -3-methoxybutanol-l  (VIII)]  was  formed,  as 
well  as  isoprene  (IX)  and  an  unsaturated  alcohol  (X).  These  products,  apparently,  were  the  results  of  further  con- 

*  E.  N.  Volkova  took  part  in  the  experimental  section. 
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The  hydrolysis  of  2,4.4.6-te^tre-methyldloxane-l,3  (XI)  proceeded  slmiliarly.  The  yield  of  2-methyl- 
pentandiol-2,4  (Xn)  was  in  this  case  even  less  (18-25^n);  at  the  same  time  a  considerable  amount  of  monomethyl 
ether  of  this  diol-  4-methyl-4-methoxypentanol-2  (XIII)-  was  former^  as  well  as  methylpentadiene  (XIV)  and 
an  unsaturated  alcohol  (XV).  The  aldehyde  split  out  was  removed  as  acetal; 


CH, 

CHa-d-CHj-CHj 

I  I 

0-CH,-0 

(VI) 


CH3 

CH3-(i=CH-CH20H 

(X) 


As  we  had  shown  above,  some  diols  (for  example,  butandiol-l,3)tmay  be  obtained  by  this  method  with 
yields  close  to  quantitative,  but  at  the  same  time  a  considerable  amount  of  methylal  was  formed  as  a  side  product. 


We  canted  out  a  series  of  experiments  on  the  vapor-phase  hydrolysis  of  methylal  over  solid  catalysts  with 
acidic  properties.  Methylal,  diluted  with  water  vapor  (1;  3  by  weight)  was  passed  over  one  of  these  catalysts  at 
a  volume  rate  of  0.35-0.4  (in  ml  per  ml  of  catalyst  per  hour)  at  temperatures  of  350-375*.  The  yield  of  formal¬ 
dehyde  and  methyl  alcohol  was  higher  than  80%  under  these  conditions.  Without  doubt  this  yield  may  be  im¬ 
proved  further. 


CH. 


CH3 

i-i-CHa-CH- 

I 

OH 


CH, 


CH3 

CH3-c!=CH-CH-CH3  CHj^ 

I 

OH 

(XV) 


CH, 


OH 

(X.I)  ^ 
X 

b 


,=c!:-CH=CH-CH,  tH,-C-CHa— CH 


CH3 

I 


(XIV) 


-CH, 


OCH, 

(xnn 


OH 


The  relation  of  the  hydrolysis  rate  of  4-methyldioxane-l,3  at  100*  to 
the  acid  concentration.  Acidity  (in  weight  %);  1)  3.0,  2)  0.5^  3)  0.25, 
4)  0.05. 
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To  determine  alkyldioxanes  analytically,  we  hydrolysed  them  in  the  presence  of  hydroxylamine  salts, 
which  combined  with  the  aldehyde  to  form  the  oxime;  at  the  same  time  an  acid  wa’s  separated  quantitatively 
and  was  titrated  with  alkali  [4]. 

An  accurately  measured  amount  of  10*^^  sulfuric  acid  previously  added  to  the  analysis  mixture  to  obtain 
an  acidity  of  0.25-0.5  weight  helped  to  accelerate  the  hydrolysis  process.  The  relation  of  hydrolysis  rate  of 
4-niethyldioxane  (I)  to  acidity  Is  shown  In  the  figure.  Thus,  4-methyldioxane-l,3  (I)  hydrolysis  was  fully  com¬ 
plete  in  1-1.5  hours  at  an  acid  concentration  of  0.25-0.5  weight  °Jo,  The  accuracy  of  the  method  was  a.  1%  (abs.), 

The  analysis  results  obtained  by  this  method  for  dimethyldioxanes  and  tetramethyldioxanes  had  to  be 
divided  by  0.9.  This  correction  took  into  account  side  reactions,  which  have  not  yet  been  clarified. 


EXPERIMENTAL 

As  starting  materials  we  used  technical  alkyldioxanes,  which  had  been  distilled  on  a  laboratory  column  of 
50  theoretical  plates. 

The  constants  and  other  data  for  the  alkyldioxanes  used  are  given  in  the  table. 

The  hydrolysis  of  the  alkyldioxanes  was  carried  out  in  a  flask,  connected  to  a  laboratory  fractioriating  col¬ 
umn,  by  gently  boiling  the  reaction  mixture.  Methylal  (acetal)  was  taken  off  at  41-44*  (57-60*  for  acetal).  At 
the  end  of  the  reaction,  the  flask  was  cooled  and  the  mixture  was  neutralized  with  sodium  carbonate.  The  reac¬ 
tion  products  were  then  distilled  in  vacuum;  pure  products  were  isolated  by  a  second  distillation. 


Sample 

No. 

Alkyldioxane 

Boiling 

point 

IQ 

Method  of  preparation 

Yield  (in  %) 

1 

4-Methyl-dioxane-l,  3  (I) 

115.3* 

1.4159 

0.9758 

From  propylene  and 
formaldehyde 

80-85 

2 

4,4-Dimethyl-dioxane-l,3  (VI) 

133.4 

1.4238 

0.9634 

From  isobutylene 
and  formaldehyde 

75-80 

3 

4, 5 -Dimethyl -dioxane- 1,3  (II) 

133.5 

1.4223 

0.9630 

From  butene-2* 
and  formaldehyde 

90-92 

4 

2,4,4, 6-Tetrame  thy  Idioxane- 1,3  (XI) 

140.2 

1.4192 

0.9039 

From  isobutylene  and 
acetaldehyde 

90-92 

*  The  butene -2  was  obtained  by  sharp  separation  from  butene- 1  in  the  butene  fraction  on  a  100  plate  semi 
industrial  column. 


Hydrolysis  of  4-methyl-dioxane-l,3  (I).  The  reaction  charge  was  1  mole  (102  g)  of  the  material,  3  moles 
of  CH3OH  and  2.5%  of  92%  sulfuric  acid.  We  obtained  73.9  g  (82%)  of  butandiol-1,3  (HI). 

B.p.  92*  (3  mmX  nJJ  1.4400,  dj®  1.0027. 

Literature  data  [5]:  b.p.  203-204*  (760  mm),  114*  (20  mmX  nf5  1.4418,  dj®  1.0053. 

Hydrolysis  of  4,5-dimethyi-dioxane-l,3  (H).  The  reaction  charge  was  1  mole  (116g)  of  the  dioxane,  5 
moles  of  CH3OH  and  5%  of  sulfuric  acid.  The  yield  was  83  g  (80%)  of  2-methyl-butandiol-l,3  (IV). 

B.p.  92*  (6  mmX  n|^  1.4478.  dj®  0.9919,  MRq  28.04;  calc.  27.94.  Found  %;  C  57.71,  57.58;  H  11.97, 

11.85;  OH  31.1  (phthalylation).  CgHijOj.  Calculated  %;  C  57.70;  H  11.52;  OH  32.66. 

Hydrolysis  of  4^4-dimethyl-dloxane-1.3  (VI).  The  charge  was  1  mole  (116  g)  of  dioxane,  5  moles  of 
CH3OH  and  1%  of  sulfuric  acid.  During  the  reaction  there  was  noticeable  separation  of  isoprene  (b.p.  32-33* 
gave  adduct  with  maleic  anhydride)  together  with  methylal.  In  the  fraction  distilling  up  to  50*  (50  mm),  we 
found  an  unsaturated  alcohoL  which  was  determined  by  the  bromide-bromate  method  and  also  by  phthalylation. 


3063 


On  conversion  to  unsaturated  alcohol,  the  results  of  both  methods  coincided.  This  alcohol  was  not  examined 
more  closely. 


The  higher  boiling  products  were  further  distilled;  this  yielded  two  products;  1st  with  b.p.  63*  (7  mm)  28.75  g; 
2nd  with  b.p.  95*  (7  mm)  35.5  g. 


3-Methyl- 3-methoxy-butanol-l  (VIII)  (1st  product).  The  yield  was  27.7% 

ng  1.4272,  dj®  0.9220.  MRp  33.0;  calc.  33.076.  Found  <7o:  C  60.89,  60.70;  H  12.4,  11.97;  OH  13.7 
(phthalylation);  OCH,  29.02.  CfiHuO,.  Calculated  C  61.01;  H  11.94;  OH  14.4;  OCH,  29.2. 


3-Methyl-butandlol-l,3  (Vll)  (2nd  product).  The  yield  was  38.7% 
nf5  1.4420,  ($•  0.9763. 

Literature  data  [6]:  b.p.  109-110*  (17  mm),  1,4452,  d^®  0.985. 


Hydrolysis  of  2.4.4.6-tetramethyldioxane-1.3  (XI).  40.25  g  of  dioxane,  44.7  g  of  CH3OH  and  0.9 g  of  sulfuric 
acid  were  used.  After  distilling  off  the  acetal,  a  small  amount  of  material  was  obtained  with  b.p.  73-75*,  which 
was  characterized  as  2-methylpentadiene  (XIV).  The  adduct  of  (XIV)  with  maleic  anhydride  had  m.p.  57.8-59.1*. 
Literature  data  for  the  adduct;  m.p.  57*  [7]. 

The  fraction,  distilling  up  to  70*  (at  30  mm)  contained  5.5 g  of  unsaturated  alcohol,  which  was  determined 
by  the  bromide-bromate  method  and  by  phtlialylation  (the  two  methods  gave  similar  results,  calculated  for  the 
alcohol  CjHnO). 

The  high  boiling  products  were  further  distilled;  this  yielded  two  products;  1st  with  b.p.  163-164*,  8.8  g; 

2nd  with  b.p,  101*  (9  mm),  5.6  g. 

4-Methyl-4-methoxy-pentanol-2  (XIII)  (1st  product)  was  isolated  in  a  dightly  impure  state  in  25.5%  yield. 

nf5  1.4237,  d5®  0.8993,  MRp  37.69;  calc.  37.40.  :  Found  %;  OCH3  23.5;  OH  12.4  (phthalylation). 

C7H„Oi,  Calculated  %;  CH3O  21.1;  OH  12.8, 

4-Methyl-pentandiol-2,4  (XII)  (2nd  product).  The  yield  was  18,2%. 

n^  1.4280,  dj®  0.931L  MRj)  32.6;  calc.  33.09.  Found  %;  C  61.40;  H  11.42.  Calculated  %;  C  61.52;  H 

11.85. 

Vapor  phase  hydrolysis  of  methylal.  The  experiments  were  carried  out  in  a  silica  catalyst  tube  inside  a 
tubular  furnace.  In  one  typicaL  steady  experiment  we  passed  methylal  and  water  through  35  ml  of  catalyst  at 
volume  rates  of  0.382  and  1,15  respectively  (in  ml  per  ml  of  catalyst  per  hour).  During  the  experiment  the 
temperature  was  kept  at  375*  (±2*).  The  experiment  was  continued  for  1  hour.  The  total  methylal  passed  through 
In  the  experiment  was  24g  (0.316  moles).  The  "fumace*  condensate  (lllg)  was  analyzed  for  formaldehyde 
(lodometric  methodX  methanol  (phthalylation  method)  and  recovered  methylal  (hydrolysis  in  the  [vesence  of 
hydroxylamine  liydrochloride).  The  content  of  these  substances  in  the  condensate  (in  weight  %)  was:  formaldehyde 
7.0,  methanol  14.6  and  recovered  methylal  0.65.  Thus  we  found;  formaldehyde  7.75  g  (0,258  moles)  (yield  81.8% 
on  methylal  passed  through  and  84.2%  on  decomposition)  and  methanol  16.2  g  (0.506  moles)  (respective  yields; 

80  and  82.5%). 


The  analytical  determination  of  the  alkyldioxanes  was  carried  out  in  the  following  way.  Samples  of  0.5- 
0.7  g  (calculated  on  the  pure  dioxane)  were  placed  into anpoules,  closed  with  mbber  bungs.  Then  25  ml  of  1  N 
hydroxylamine  salt  solution  was  introduced  together  with  an  exactly  measured  amount  of  10%  sulfuric  calculated 
to  give  an  acidity  of  0.5%  The  ampoules  were  closed  and  placed  in  a  boiling  water  bath.  The  contents  of  the  am¬ 
poules  were  quantitatively  transferred  to  250  ml  conical  flasks  and  titrated  with  0.25-0.5  N  caustic  soda  solution 
in  the  presence  of  bromophenol  blue.  Parallel  with  this  we  determined  the  acidity  of  25  ml  of  IN  hydroxylamine 
salt  solution,  acidified  with  the  same  amount  of  acid. 


The  calculation  was  carried  out  by  the  formula  Q  = 


(a-b)  k»  c.  100 
d 


where;  Q  -  the  dioxane  content  of 


the  sample  examined  (in  weight  %);  a  -  the  amount  of  alkali  In  milliliter^  used  to  titrate  the  sample;  b-  the 
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normality:  c)  amount  of  dioxane  (in  grams)  equivalent  to  1  ml  of  alkali  solution;  d)  weight  of  the  sample  (in 
grams). 


SUMMARY 

1.  The  hydrolysis  of  a  series  of  alkyldioxanes-1,3  has  been  studied  in  the  presence  of  acids  (as  catalysts) 
and  methyl  alcohol  (for  shifting  the  equilibrium). 

2.  It  was  shown  that  the  following  diols  could  be  obtained  in  very  high  yields  by  this  method;  butandiol-1,3 
was  obtained  from  4-methyldloxane-l,3  and  2-methyl-butandiol-l,3  from  4i5-dimethyldioxane-l,3.  No  side 
products  were  found  in  the  hydrolysis  of  these  dioxanes. 

3.  The  reaction  was  more  complicated  for  alkyldioxanes  whose  oxygen  atom  is  connected  to  a  tertiary 
carbon  atom  (4,4-dimethyldioxane-l,3  and  2,4t4,6-tBtramethyldioxane-l,3)  as  beside  the  conesponding  diols, 
diol  monethers,  unsaturated  alcohols  and  dienes  were  formed, 

4.  It  was  shown  that  methylal,  which  formed  during  alkyldioxane  hydrolysis  (methanolysis).  Itself  readily 
underwent  vapor- phase  hydrolysis  over  a  catalyst  with  the  formation  of  formaldehyde  and  methanol. 

5.  A  method  was  proposed  for  the  quantitative  determination  of  alkyldioxanes- 1,3  based  on  their  hydrolysis 
in  die  presence  of  hydroxylamine  salts. 
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THE  ALKYLATION  OF  BENZENE  WITH  DI -{  1  -  H  Y  D  ROX  Y  )  -  C  Y  C  L  O- 


HEXYLACETYLENE  MONOACETATE  IN  THE  PRESENCE  OF  AICIj 
R.  M.  Lagidze,  N.  K.  Iremadze  and  L.  P.  Chigogidze 

It  was  shown  in  previous  papers  [1-3]  that  the  crystalline  hydrocarbons  C14H1Q,  C]4H]4  and  CigHjo  are  formed 
by  benzene  alkylation  with  diacetates  of  butyndiol-1,4,  tetramethylbutyndiol  and  1, 1’ -ethynylbicyclopentanol. 
Beside-  these  compounds,  l-chloro-4-acetoxybutyne-2,  2,5-dimethyl-3-chloiD-4-acetoxyhexadiene-2,4^  1-chloro- 
2-acetoxy-l,2-dicyclopentylideneethane  and  l-acetoxy-2 -phenyl- 1, 2 -dicyclopentylideneethane  were  isolated 
from  the  Intermediate  condensation  products  as  well  as  from  the  products  of  the  direct  reaction  of  anhydrous 
AICI3  with  the  dIacetates  of  the  given  glycols.  The  isolation  of  the  last  of  the  three  products  made  It  possible  to 
carry  out  its  intramolecular  cyclization  in  a  neutral  medium  and  to  obtain  the  same  hydrocarbon  Cigl^o. 

Di-(l-hydroxy)-cyclohexylacetylene  monoacetate  was  used  in  the  present  work  to  obtain  analogous  com¬ 
pounds.  Although  alkylation  of  benzene  by  either  the  monoacetate  or  the  diacetate  gives  the  same  hydrocarbon 
with  m.p.  188-189*,  in  this  case  the  monoacetate  was  preferred  as  the  reaction  with  it  was  smoother  and  gave  a 
better  yield.  However,  as  the  same  hydrocarbon  with  m.p.  188-189*  was  obtained  in  both  cases,  to  study  Its 
formation  mechanism,  the  reaction  of  anhydrous  AICI3  with  di-(  1-hydroxy)- cyclohexylacetylene  diacetate  was 
also  investigated,  in  passing.  l-Acetoxy-2-chloro-l,2-dicyclohexylideneethane  (I)  or,  what  is  less  probable,  its 
isomer  with  the  double  bonds  in  the  rings  (I^  was  obtained  from  this  reaction.  The  chloroether  (I)  structure  was 
confirmed  by  analytical  data  and  by  the  identification  of  oxalic  and  adipic  acids  in  its  oxidation  products. 

3  fractions  were  separated  from  the  condensation  products  of  dl-(l-hydroxy)-cyclohexylacetylene  mono¬ 
acetate  with  benzene:  the  1st  fraction  was  not  investigated  thoroughly;  the  2nd  fraction  corresponded  to  a  com¬ 
pound  with  the  composition  C14H20O.  It  absorbed  apjxoximately  2nr>les  of  hydrogen  when  hydrogenated.  When 
oxidized  it  gave  oxalic  and  adipic  acids.  On  the  basis  of  these  data,  it  may  be  conjectured  that  the  material 
C14H20O  (II)  was  formed  by  acetylene-diene  regrouping  and  subsequent  splitting  out  of  HCl  from  the  product  of 
the  substitution  of  the  moioacetate  acyl  group  by  chlorine.  The  third  fraction  was  quite  similiar  in  elementary 
composition  to  the  hydrocarbon  C20H24,  Except  for  a  slight  deviation  from  the  theoretical  which  apparently  was 
due  to  the  difficulties  of  purifying  It  by  fractionation,  the  material  obtained  was  identical  with  the  crystalline 
hydrocarbon  with  m.p.  188-189*,  which  could  be  isolated  from  it.  The  hydrocarbon  dissolved  readily  in  benzene 
and  chloroform,  with  considerably  more  difficulty  in  ether  and  very  slig)itly  in  ethanol  and  methanol;  it  slowly 
decolorized  dilute  potassium  permanganate  solution  and  did  not  react  with  bromine  water.  Like  all  the  hydro¬ 
carbons  mentioned  above,  it  did  not  hydrogenate  over  a  platinum  catalyst  under  the  usual  conditions.  It  did  not 
give  a  picrate  under  any  conditions  and  did  not  undergo  diene  condensation  with  maleic  anhydride.  As  with  the 
crystalline  material  with  m.p.  188-189*,  adipic,  benzoic  and  o-phthalic  acid  were  isolated  and  identified  (the 
last  only  by  a  fluorescein  reaction)  from  the  oxidation  products  of  the  liquid  hydrocarbon.  The  oxidation  results 
show  that  a  benzene  ring  is  contained  in  the  hydrocarbon  molecule  C2ol^4  connected  in  a  definite  manner  (ap¬ 
parently,  in  the  ortho -position)  to  the  cyclohexylidene  or  cyclohexenyl  radicals. 

A  crystalline  material,  corresponding  to  2-phenylanthracene  [4]  In  melting  point,  was  obtained  by  dehydro¬ 
genation  of  file  3rd  fraction  over  palladium-charcoal.  On  the  basis  of  these  data,  it  appears  that,  as  in  the  case 
of  hydrocarbons  obtained  earlier,  the  basic  structural  element  of  the  hydrocarbon  C20H24  (HI  or  IH’)  is  the  group 
( 0, 2,4)-bicyclooctatrlene-2,4, 6. 
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EXPERIMENTAL 

The  dl-(  l-hydroxy)-cyclohexyl8cetyleiie  synthesized  by  us  had  m.p.  101-102*  and  Its  diacetate  had  m.p, 
45*,  which  completely  agrees  with  the  literature  data  [5],  The  monoacetate,  together  with  a  small  amount  of 
the  diacetate,  was  prepared  under  similar  conditions  by  treating  die  glycol  with  the  calculated  quantity  of  acetic 
anhydride, 

B.p.  136-138*  (2-3  mm),  dj®  1.0182,  ng  1.5092. 

0.3255 g  of  material:  2.11  ml  of  0.5 N  alcoholic  KOH  solution,  CigHj404.  Calculated  2.4  ml  of  KOH, 

A  qualitative  test  for  the  acetylenic  triple  bond  gave  a  positive  reaction. 

Reaction  of  anhydrous  AlClji  with  the  diacetate.  6  g  of  AICI3  was  added  in  separate  portions  witii stirring 
to  a  solution  of  20  g  of  the  diacetate  in  60  ml  of  dearomatized  ligroin.  The  flask  was  heated  on  a  water  bath  at 
70*  for  3-4  hours.  The  complex  formed  was  decomposed  with  dilute  acid,  washed  with  dilute  soda  solution,  then 
with  water,  extracted  widi  ether,  dried  over  Na2S04  and  the  ether  distilled  off.  The  yield  was  30<?fr.  Distillation 
of  the  residue  yielded  a  fraction,  corresponding  to  l-acetoxy-2-chloro-l,2-dicyclohexylideneethane. 

B.p.  138-142*  (2-3  mm),  dj®  1.0246,  ng  1.4925.  Found  %•.  Cl  12.40,  12.03.M  284,  276.  CjgHzjOiCl. 

Calculated  Cl  12.30.  M  282.5. 


The  fraction  with  b.p.  138-142*  (2-3  mm)  (1  g)  was  oxidized  in  die  cold  with  100  ml  of  1%  KMnO^  in 
acetone,  in  the  presence  of  1.5g  of  sodium  carbonate.  The  precipitate  was  filtered  off  from  the  solution  and 
washed  with  hot  distilled  water,  the  filtrate  was  acidified  with  dilute  H2SO4  and  extracted  several  times  with 
ether.  The  flask  containing  the  residue  from  evaporating  off  the  ether  was  placed  on  a  boiling  water  bath.  After 
2-3  hours  sublimed  crystals  were  found  on  the  walls  of  the  flask,  which  did  not  depress  the  melting  point  of  au¬ 
thentic  oxalic  acid.  In  another  experiment  1  g  of  material  was  oxidized  under  similar  conditions  with  100  ml  of 
2*7'’  aqueous  KMn04.  The  filtrate  was  worked  up  in  the  usual  way.  The  residue  after  the  removal  of  the  ether  and 
oxalic  acid  (by  sublimation)  was  recrystallized  from  dilute  nitric  acid.  A  substance  was  isolated  with  m.p.  148- 
150*,  which  did  not  depress  the  melting  point  of  adipic  acid. 

Condensation  of  the  monoacetate  with  benzene.  The  reaction  was  carried  out  in  a  three -necked,  round 
bottomed  flask,  fitted  with  a  mechanical  stirrer  and  a  reflux  condenser.  25  g  of  the  monoacetate  was  run  drop- 
wise  into  an  ice  water  cooled,  continuously  stirred  mixture  of  80 g  of  benzene  and  23.5 g  of  AlCls.  After  this 
the  mixture  was  gradually  heated  on  a  water  bath  to  75-80*  for  6  hours.  The  complex  was  worked  up  in  the 
usual'way  to  give  22.1  g  of  condensate,  which  yielded  three  fractions  after  several  distillations:  1st  fraction  in 
about  9%  yield  (relative  to  condensate),  b.p.  78-80*  (2-3  mm),  c§®  0.9643,  n^®  1.5320.  It  gave  a  semicarbazone 
with  m.p.  194.  This  fraction  consisted  mainly  of  acetophenone. 

The  2nd  fraction  readily  decolorized  bromine  water  and  dilute  KMn04  solution.  It  did  not  give  a  quantita¬ 
tive  reaction  for  an  acetylenic  bond.  The  yield  was  5%. 

B.p.  125-128* (2-3  mm),  dj®  1,0292,  nj®  1.5465.  Founds*  C  82.28;  H  10.12.  M  201.5,  210.  CuHjoO. 

Calculated  %:  C  82,35;  H  9.80.  M  204. 

0.6082  g  of  the  materiaL  dissolved  in  25  ml  of  ethyl  alcohol,  combined  with  115.73  ml  of  Hj  (NTP)  in  the 

presence  of  0.2  g  of  platinum  black.  Calculated:  139.9  ml  H{. 
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From  tlie  oxidation  of  the  2nd  fraction  witli  potassium  permanganate  and  also  chromium  trioxide  In  glacial 
acetic  acid,  we  isolated  and  identified  adipic  and  oxalic  acids. 

The  3rd  fraction  with  b.p.  160-165*  (1.5-2  mm),  d^®  1.0328,  n^  1,5676  was  a  pale  straw  colored,  thick, 
oily  liquid.  According  to  the  elementary  composition  and  the  molecular  weight,  the  freshly  redistilled  fraction 
was  close  to  the  hydrocarbon  C20H24,  On  long  standing  it  gradually  changed  into  a  crystalline  compound.  How¬ 
ever  tills  process  took  more  than  one  year.  In  some  cases  the  crystal  formation  was  accelerated  considerably  by 
the  addition  of  a  smaU  amount  of  ether  and  stirring  with  a  glass  rod.  It  was  found  that  each  time  after  the 
separation  of  the  solid  material,  the  residue  again  began  to  crystallize.  During  repeated  distillation,  a  thin  cry¬ 
stalline  layer  was  often  observed  to  form  in  parts  of  the  side  arm  and  the  neck  of  the  flask,  especially  after  wash¬ 
ing  with  ether.  From  two  years  observation  of  this  fraction,  we  were  convinced  that  it  was  almost  completely  con¬ 
verted  into  a  solid  hydrocarbon.  The  greatest  deviation  of  the  elementary  composition  from  the  theoretical,  as 
was  noted  above,  is  explained  by  tlie  difficulties  of  its  purification.  The  solid  mass,  separated  from  it,  after  pres¬ 
sing  in  filter  paper  and  recrystallization  three  times  from  an  alcohol-benzene  mixture,  melted  at  188-189*. 

Found  C  90.98,  91.11;  H  8.86,  8.83.  M  270.3.  C20H24.  Calculated  C  90.91;  H  9.09.  M  264. 

To  oxidize  the  material  with  m.p.  188-189*,  1.5  g  of  sodium  carbonate  and  100-150  ml  of  2%  KMn04  solu¬ 
tion  was  added  to  Ig  of  it.  It  was  heated  on  a  boiling  water  bath  with  stirring.  Powdered  potassium  permanganate 
was  gradually  added  to  the  mixture  in  small  portions  until  it  was  no  longer  decolorized.  The  precipitate  was  fil¬ 
tered  off  from  the  solution  and  washed  with  hot  distilled  water.  The  filtrate  was  decolorized  with  potassium  bi¬ 
sulfate,  acidified  and  extracted  several  times  with  ether.  The  ether  extract  was  dried  over  Na2S04,  filtered  and 
the  solvent  was  slowly  evaporated.  After  this  the  flask  with  the  residue  was  placed  on  a  boiling  water  bath  and 
was  heated  for  2  hours.  Onto  its  walls  sublimed  white,  needle-like  crystals  with  m.p.  119-120*,  which  did  not 
depress  the  melting  point  of  authentic  benzoic  acid.  The  residue,  which  also  contained  inorganic  impurities 
was  treated  several  times  with  ether.  The  ether  extract  was  evaporated  first  slowly  and  then  on  a  boiling  water 
bath  until  traces  of  solvent  had  been  completely  removed.  The  remaining  yellowish,  semisolid  mass  was  recry¬ 
stallized  from  dilute  nitric  acid,  gently  washed  with  water  and  dried.  The  material  obtained  in  this  way  melted 
in  the  range  147-149*  and  did  not  depress  the  melting  point  of  synthetic  adipic  acid. 

In  another  experiment  under  similar  conditions  1.5  g  of  a  liquid  hydrocarbon  was  oxidized  to  give  the  same 
results.  The  o-phthalic  acid  in  the  mixture  of  oxidation  products  was  identified  in  both  cases  by  clearly  expressed 
color  effects  of  the  fluorescein  reaction, 

1.5  g  of  material  with  b.p.  160-165*  (1.5-2  mm)  (3rd  fraction)  was  dehydrogenated  in  a  high-necked  flask 
in  the  presence  of  0.2  g  of  palladium  black  at  300-310*  for  a  period  of  more  than  30  hours  in  a  continuous  stream 
of  dry  CO2.  By  working  up  the  dehydrogenate  under  the  usual  conditions,  we  isolated  a  crystalline  material  with 
m.p.  207-208*  (from  benzene  and  ethyl  acetate).  A  mixed  melting  point  with  synthetic  2-phenylanthracene 
(m.p.  203-204*),  prepared  by  a  known  method  [4]  (melting  3-4*  lower  than  reported  in  the  literature  after  several 
recrystallizations),  was  not  at  all  depressed. 


SUMMARY 

1.  The  possibility  of  forming  polynuclear  hydrocarbons  was  shown  in  the  fourth  example  of  the  condensation 
of  acetic  esters  of  y -acetylenic  glycols  with  benzene  in  the  presence  of  anhydrous  AlClj. 

2.  A  hydrocarbon  with  the  composition  C20H24  and  a  chloroester,  corresponding  to  l-chloro-2-acetoxyl-l,2- 
dicyclohexylidieneethane,  or  what  is  less  probable,  its  isomer  with  double  bonds  in  the  rings,  were  isolated  and 
characterized  from  the  products  of  benzene  alkylation  with  di(-hydroxy-)-cyclohexyl-acetylene  monoacetate  and 
from  the  reaction  of  anhydrous  AICI3  with  the  diacetate  of  the  same  glycol. 
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A  CONTRIBUTION  TO  THE  SYNTHESIS  OF  TERTIARY  ALCOHOLS 


BASED  ON  CAMPHOR.  II 

V.  I.  Esafov  and  N.  I.  Novikov 


Durirtg  investigations  on  the  reaction  of  camphor  with  CH3MgI  we  established  [1]  the  formation  of  compounds, 
similiar  in  composition  to  the  complexes  discovered  by  V.  M.  Tolstopyatov  [2]:  ROMgHal*  2Ci0HuO,  where  R  may 
be  C10H15,  CioHjt,  ChHi9,  which  corresponded  to  the  complexes  of  camphor  enolate,  borneolate  and  methylbomeo- 
late.  The  formation  of  such  compounds  is  the  basic  cause  for  the  lower  yields  of  tertiary  alcohol  methylbomeol, 
when  the  reaction  is  carried  out  at  -  15*. 

It  seemed  interesting  to  find  out  how  the  reactions  of  ROMgHal*  2Ci0HkO  as  well  as  MgHalj  * 2C|0H]0O  would 
proceed  at  higher  temperatures.  It  was  possible  that  the  phenomenon  of  complex  formation  could  change  from  a 
factor  with  a  negative  effect  on  the  normal  Grignard  reaction  in  the  cold  to  a  factor  with  a  positive  effect  at  higher 
temperatures. 

Complexes  with  the  following  compositions  were  obtained  for  out  purposet;MgBr2*2Cy,Hi60(I),  Mgl^* 
^CjoHigOfll)  and  CjHsOMgl*  2CioHi50(in)  and  their  reactions  with  CjHsM^r  and  CH3MgIwere  studied.  A  parallel 
reaction  with  free  camphor  was  carried  out. 

To  find  out  if  the  reactions  proceeded  in  the  normal  way,  that  is  with  the  formation  of  tertiary  alkylborneoH 
we  first  used  the  bromination  method,  as  according  to  S.  S.  Nametkin  and  M.  A.  Shlezinger  [3]  tertiary  methyl- 
borneol  readily  dehydrates  even  under  the  effect  of  dilute  acetic  acid.  We  had  hoped  that  the  hydrogen  bromide 
formed  during  the  bromination  of  the  Grignard  reaction  products  would  have  a  dehydrating  effect  on  the  tertiary 
alkylborneols,  converting  then  into  alky  lea  mphenes  and  bromination  would  proceed  with  noticeable  bromine  con¬ 
sumption.  It  was  shown  practically  that  camphor,  borneol,  isobomeol  and  some  tertiary  alcohols  were  brominated 
slightly  in  a  carbon  tetrachloride  medium  at  0*  for  30  minutes,  while  at  the  same  time  reaction  products  of  cam¬ 
phor  and  its  complexes  with  methylmagnesium  iodide  and  ethylmagnesium  bromide  underwent  bromination  with 
a  considerably  greater  bromine  consumption.  Thus,  by  using  the  bromination  method,  we  proved  indirectly  that, 
contrary  to  the  statements  of  I.  K.  Sivkov  and  M.  K.  Matveeva  [4]  camphorieacts  with  ethylmagnesium  bromide 
with  the  formation  of  tertiary  ethylborneOl. 

As  far  as  the  effect  of  the  preliminary  craiversion  of  camphor  into  complexes  with  the  compositions  (IX  (H) 
and  (III)  on  the  course  of  the  normal  Grignard  reaction  was  concerned,  the  complexes  (I)  and  (II)  somewhat  lowered 
the  yi  eld  of  tertiary  methylbomeol  and  promoted  its  dehydration.  Complex  (IIIX  on  the  contrary,  notwith¬ 
standing  the  higher  temperature  at  which  the  Grignard  reaction  took  place,  gave  a  product  with  appoximately 
the  same  iodine  number  as  that  of  the  reaction  product  of  camphor  with  ethylmagnesium  bromide  at  a  lower 
temperature  (see  Table  2).  Consequently,  as  reported  by  V.  M.  Tolstopyatov,  the  complex  formation  is  trans¬ 
formed  Into  a  factor  with  a  known  positive  effect  on  the  course  of  the  normal  Grignard  reaction,  at  hi^er  tempera¬ 
tures. 


EXPERIMENTAL 

Preparation  of  Complex  Compounds  of  Camphor 

Preparation  of  the  complex  CgHsOMgl  •  2CinHi(tO(III).  To  0.1  moles  of  C^HsOMgl  in  60  ml  of  absolute 
ether,  was  added  a  solution  of  0.4  moles  of  camphor*  in  80  ml  of  absolute  ether.  After  12  hours,  the  precipitated 

*  All  the  experiments  were  carried  out  with  racemic  camphor  with  m.p.  175*. 
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product  was  quickly  filtered  off,  carefully  washed  with  absolute  ether  and,  before  analysis,  kept  for  24  hours  in  a 
vacuum  desiccator  over  sulfuric  acid. 


Found  %:  Mg  4.56;  1  22.78.  CjHgOMgl  •  2CioHkO,  Calculated  %•  Mg  4.61;  1  22.50. 

I 

Preparation  of  the  complexes  MgHal^  •  2CinHaO  (1  and  11).  To  0.1  moles  of  MgBtj  •  2(Cj  115)20  was  added  a 
solution  of  0.15  moles  of  camphor  in  15  ml  of  absolute  ether.  The  precipitate  obtained  was  washed  several  times 
with  absolute  ether  and  kept  24  hours  in  a  vacuum  desiccator  over  sulfuric  acid  before  analysis.* 

Found  °Joi  Mg  4.55;  Br  32.32.  MgBr2  •  2CioHi60.  Calculated  Mg  4.97;  Br  32.72. 

To  0.1  moles  of  Mgl2' 2(C2H5)20  was  added  a  solution  of  0.15  moles  of  camphor  in  15  ml  of  absolute  ether. 
The  precipitate  obtained  was  washed  several  times  with  absolute  ether  and  after  drying  was  analyzed. 

This  complex  was  even  decomjxjsed  by  cold  water  to  split  out  iodine  and  therefore  it  was  analyzed  quan¬ 
titatively  for  ionic  iodine  and  also  for  free  iodine. 


Found  Mg  3.82:1*35.44;  I  7.66.  Mgl2*2CioHi60.  Calculated  «/o;  Mg  4.17;  1  43.58. 

The  reaction  of  camphor  and  its  complex  compounds  (1)  and  (11)  with  CH^Mg!.  To  0.05  moles  of  camphor 
or  0.025  moles  of  the  complexes  (11  and  (IIX  covered  with  10  ml  of  absolute  ether,  was  added  0,05  moles  of 
CHjMgl  over  15  minutes.  The  reaction  flasks  were  left  to  stand  for  4  hours  and  then  were  heated  for  18  hours  at 
36-38*,  The  course  of  the  reaction  was  followed  by  measuring  the  volume  of  methane  evolved. 


TABLE  1 

Data  on  the  Reaction  of  Camphor  and  its  Complex  Compounds  (1)  and  (11)  with  CHaMgl 


Starting  material 

Volume  of  methane  evolved  (NTP)  (in  ml) 

Normal  Grignard 
reaction  (in  %of 
theoretical) 

during  the 

reaction 

withCHjMgl 

I  during  the  decomposition 
of  the  reaction  product 
with  water 

I  during  the  decomposition 
of  0.05  moles  of  CH3N^1 
with  water  (theoretical 

1  amount) 

Camphor  | 

1 

463 

!  305 

1120 

31.4 

MgBr2*2CioHKO(l)  j 

487 

!  360 

1120 

24.3 

Mgl2*2CMH^O(ll) 

1 

480 

409 

» 

1120 

20.6 

To  prevent  expansion  of  the  ether  vapor  from  interfering  with  the  results,  the  lead  to  the  gasometer  passed 
through  a  spiral,  cooled  in  solid  carbon  dioxide,  and  a  Tishchenko  bottle  containing  concentrated  hydrochloric  acid. 
The  results  of  the  experiments  are  given  in  Table  1. 

The  substances  produced  in  the  Grignard  reactions  were  recovered  in  the  usual  way  and  after  careful  drying 
were  brominated. 

The  iodine  numbeis  of  the  products  obtained  are  given  in  Table  2. 

Reaction  of  camphor  with  QHgMgBr,  To  0.2  moles  of  ethylmagnesium  bromide,  dissolved  in  60  ml  of  ab¬ 
solute  ether,  was  added  a  solution  of  0,2  moles  of  camphor  in  20  ml  absolute  ether  over  a  period  of  6  hours.  The 
reaction' was  mn  at  15"  with  mechanical  stirring.  During  the  addition  of  the  camphor  and  the  12  hour  standing  period, 
1345  ml  of  gas  (0*  and  760  mm)  was  evolved  j  which  contained  36.2  volume  %  (487  ml)  of  ethylene. 

Assuming  that  the  ethylene  was  formed  as  a  result  of  the  reduction  of  camphor  to  borneol  by  the  reaction 
CioHi50+C2H5MgBr  — ^  Ci(,HiTOMgBr  +  C2H4.  the  reduction  reaction  went  to  the  extent  of  10. 8^0. 

The  enolization  reaction,  calculated  on  the  difference  in  the  gas  volumes  (1345  ml  minus  487  ml),  amounted 
to  19.3%. 


*  The  complex  was  previously  prepared  by  V.  V.  Chelintsev  and  N.  M.  Nazarova  [5]. 
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TABLE  2 


Data  on  the  Iodine  Numbers  of  Camphor,  the  Products  of  the  Reaction  of  its  Complexes  with  Grlgnard  Reagents, 
Borneol,  Isoborneol  and  some  Tertiary  Alcohols. _ _ 


Substance 

Iodine  number 

total 

substituted 

added 

Camphor 

0.58 

- 

- 

Borneol 

2.87 

0.44 

2.43 

Isoborneol 

5.51 

2.70 

2.81 

The  reaction  product  of  camphor  with  CHsMgl 

!  100.71 

90.19 

10.52 

The  reaction  product  of  camphor  with  C2H5MgI 

49,01 

41.63 

7.38 

The  reaction  product  of  MgBr2  •2CioH2jO  with  CH3MgI 

86.31 

72.92 

13.39 

The  reaction  product  of  Mgl2  •  2CioHj60  with  CH3MgI 

82.15 

65.58  1 

,  16.57 

The  reaction  product  of  C2H50MgI  •  2Ci3H260  withC2H5MgBr 

48,77 

39.75 

9.02 

Trimethylcarbinol 

0.26 

- 

0.26 

Dimethylethylcarbinol 

1.43 

0.65 

0.78 

Methylpropylisopropylcarbinol  1 

1  3.52 

3.20 

0.32 

Methylethylhexylcarbinol 

2.46 

0,41 

2.05 

The  substance  obtained  from  the  Grignard  reaction  (30  g)  was  recovered  by  the  usual  method  and  melted 
completely  at  155*  and  gave  a  positive  Deniges  reaction  [6].  Data  on  the  bromination  of  this  material  is  given 
in  Table  2. 

Reaction  of  the  complex  compound  (III)  with  QHsMgBr.  0,2  moles  of  QHsMgBr  in  60  ml  of  absolute  ether 
was  added  over  a  period  of  4  hours  to  0.1  moles  of  the  complex  (III)  covered  with  50  ml  of  absolute  ether.  Dur¬ 
ing  the  addition  of  the  Grignard  reagent,  1400  ml  of  gas  was  evolved  and  during  6  hours  heating  at  36-38*,  a  fur¬ 
ther  1450  ml  of  gas.  The  whole  2850  ml  of  gas  (0*  and  760  mm)  contained  28,0  volume  <5{>'of  ethylene.  There 
was  17.8%  of  the  reduction  reaction  and  45,8%  of  eholization  reaction.  The  material  from  the  Grignard  reaction 
was  recovered  in  the  usual  way  and  after  drying  weighed  30.5 g,  melted  completely  at  155*  and  gave  a  positive 
Deniges  reaction.  Data  on  the  bromination  of  it  is  given  in  Table  2. 

The  bromination  of  camphor,  borneol,  isoborneol,  various  tertiary  alcohols  and  also  the  reaction  products 
of  camphor  and  its  complex  compounds  (I),  (II)  and  (III)  with  CHsMgl  and  C2H5MgI  was  carried  out  by  cooling  a 
solution  of  a  weighed  sample  in  10  ml  of  carbon  tetrachloride  down  to  0*,  adding  5  ml  of  a  solution  of  bromine 
in  carbon  tetrachloride  and  allowing  the  solution  to  stand  at  0*  for  30  minutes.  After  the  addition  of  KI  solution 
and  titration  of  excess  iodine,  the  amount  of  HI  was  determined  by  reaction  with  KIO3  [7].  The  bromine  soluticxis 
in  carbon  tetrachloride  were  prepared  immediately  before  the  iodine  number  determinations  and  from  16.65  to 
20.06  ml  of  0,1  N  Na2S203  solution  was  used  in  blank  experiments  on  5  ml  of  bromine  solution  in  various  experi¬ 
ments. 


SUMMARY 

1.  It  was  shown  that  with  Mgl2  and  C2H50MgI  camphor  formed  complexes  with  the  composition;  Mgl2* 
2G|QH|gO  and  C2H50MgI*  2CjQHjgO, 

2.  The  reactions  of  the  complex  compounds  of  camphor  MgBr2  •  2C]0H|3O  (I),  Mgl2  •2CioHuO(II)  and 
C2H50MgI  •  2Ci(,Hi50  (III)  with  CHsMgl  and  C2H5MgBr  were  studied  and  it  was  shown  that  (I)  and  (II)  lowered  the 
yield  of  tertiary  methylbomeol;  complex  (IIIX  on  the  contrary,  had  a  positive  effect  on  the  course  of  die  normal 
Grignard  reaction  at  higher  temperature, 

3.  It  was  shown  that  bromination  of  the  products  of  camphor  and  its  complexes  (I),  (IIX  and  (III)  with 
orga no- magnesium  compounds  could  act  as  an  indirect  proof  of  the  normal  course  of  the  Grignard  reaction. 

4.  We  demonstrated  a  characteristic  of  tertiary  alkylborneols,  namely  their  easy  dehydration  into  alkyl- 
camphene. 
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A  CONTRIBUTION  TO  THE  SYNTHESIS  OF  TERTIARY 


ALCOHOLS  BASED  ON  CAMPHOR.  Ill 

V.  I.  Esafov  and  N.  I.  Novikov 


The  bromination  method  first  used  by  us  for  the  reaction  products  of  camphor  and  its  complex  compounds 
with  CHjMgl  and  C2H5MgBr,  turned  out  to  be  an  indirect  proof  of  the  normal  course  of  the  Grignard  reaction-with 
the  formation  of  tertiary  alcohols  -  alkylborneols.  The  technical  problem  of  isolating  the  individual  compounds 
remained  to  be  solved.  To  reduce  the  possibility  of  side  reactions  -  enolization  and  reduction  -  to  the  minimum, 
all  syntheses  were  carried  out  at  low  temperatures  and  with  the  reaction  mixture  considerably  diluted  by  absolute 
ether.  The  crude  products  from  the  Grignard  reaction  were  pressed  out  to  separate  the  tertiary  ethyl-  and  butyl- 
borneols.  To  remove  the  camphor,  the  liquid  materials,  rich  in  carbinols,  were  treated  with  semicarbazide  by 
S,  S.  Nametkin’s  method  as  modified  by  us.  The  final  carbinol  purification  was  carried  out  by  treating  them  with 
permanganate  solution  and  steam  distilling.  To  sum  up^  tertiary  ethyl-  and  butylborneols  in  yields  of  7%  of 
theoretical  for  the  former  and  5%  for  the  latter  were  obtained,  contrary  to  data  in  the  literature,  by  direct  reac¬ 
tion  of  camphor  with  ethyl-  and  butylmagnesium  bromides.* 

EXPERIMENTAL 

All  syntheses  were  carried  out  with  racemic  camphor  with  m.p,  175*  semicarbazone  —  m.p.  236*. 

Syntheses  of  tertiary  ethyl-  and  butylborneol.  The  experiments  were  carried  out  in  the  apparatus  illustrated 
in  tlie  figure.  The  ethyl-  and  butylmagnesium  bromides  were  prepared  in  the  flask  A  from  0.1  g-atoms  of  magne- 
.sium,  0.12  moles  of  the  bromide  and  60  ml  of  absolute  ether.  The  Grignard  reagent  obtained  was  filtered  through 
a  Schott  funnel,  sealed  to  the  flask  into  the  reaction  jar  where  there  was  a  solution  of  0.1  moles  of  camphor  in 
65  ml  of  absolute  ether  cooled  to  -  15*.  After  shaking,  the  mixture  was  kept  for  4  days  at  —  15*.  In  the  same 
way  three  portions  of  camphor  and  Grignard  reagent  were  subsequently  introduced.  The  experiments  took  16-25 
days  in  all.  The  gas  formed  in  the  reaction  was  jjeriodically  let  out.  After  several  days  a  crystalline  material 
formed  and  two  liquid  layers.  These  three  products  were  separately  decomposed  with  ice  water  and  saturated 
ammonium  chloride  solution  and  then  were  worked  up  in  the  usual  way.  The  data  on  the  bromination  of  the 
substances  obtained  is  given  in  the  table. 

For  the  isolation  of  the  tertiary  alcohols,  we  used  only  those  products  which  had  considerable  iodine  numbers. 
To  isolate  the  tertiary  ethylborneoL  the  product  (18.5  g,  see  the  table)  was  pressed  at  150  kg/ cm*  in  a  special 
press  with  flannel  filters.  The  liquid  product  from  the  press  and  the  product  from  treating  the  flannel  filters  widi 
ether  in  a  Soxhlet  extractor  were  combined  with  the  liquid  material  from  the  lower  ether  layer  (6  g,  see  the  table). 
On  an  average,  12  g  of  liquid  product  was  obtained  from  0.4  moles  of  camphor.  To  separate  the  camphor  from  it, 
a  solution  of  8  g  of  semicarbazide  hydrochloride  and  8  g  of  crystalline  sodium  acetate  in  32  ml  of  water  was  added 
to  16  g  of  the  liquid  product  in  100  ml  of  alcohol  and  it  was  allowed  to  stand  for  5  days  at  room  temperature.  The 
mixture  obtained,  containing  a  small  precipitate  of  camphor  semicarbazone,  was  neutralized  with  sodium  bicar¬ 
bonate  to  prevent  dehydration  of  the  ethylborneol  by  the  dilute  acetic  acid  and  steam  distilled.  Distillation 
yielded  9g  of  a  colorless  oil  which  was  again  treated  with  the  corresponding  amount  of  semicarbazide  under  the 
same  conditions.  In  all  we  obtained  7.5  g  of  a  colorless  oiL  which  was  purified  from  possible  traces  of  dehydra¬ 
tion  product  —  ethylcamphene  —  by  shaking  continuously  for  50  hours  with  a  solution  of  0.5 g  of  potassium  per- 
mangante  in  50  ml  of  water  at  15“  and  then  again  steam  distilling.  The  oil  isolated  (7  g)  was  dried  with  fused 
potash  for  6  months.  The  yield  of  tertiary  ethylborneol  was  7% 

•  The  formation  of  tertiary  alkylborneols  makes  it  convenient  to  obtain  them  in  an  optically  active  state. 
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Number  of  ml  of  0.1  N 
Na^SjO,  solution 

4) 

c 

’O 

a> 

-s 

a> 

a 

o  u 

1 

a  i* 

>s 

X) 

*5 

c: 

*0  ^ 

Q  4> 

S-  ,g 

W  - 

1  -1 
a  E 

u  >i= 

U 

Products 


00 
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Iodine  number* 


Syntheses  with  CjHsMgBr 


From  the  crystalline  precipitate 

32.5 

0.1782  j 

1.07 

0.53 

7.62 

7.62 

From  the  upper  ether  iayer 

18,5 

0.2641 

9.57 

4.12 

45.99 

39.60 

From  the  lower  ether  layer 

6.0 

0.2230  1 

13.34 

5.44 

75.93 

61.92 

Syntheses  with  QHgMgBr 


From  die  crystalline  precipitate 

41.5 

{0.2013  j 

0.80 

0.40 

5.10 

5.10 

From  the  upper  ether  layer 

8.5 

j0.2164 

0.90 

0.45 

5.33 

5.33 

From  the  lower  ether  layer 

6.0 

|o.2188  1 

8.67 

3.86 

50.29 

44.78 

*  For  bromination  in  all  the  experiments, -5  ml  of  a  solution  of  bromine  in  carbon  tetrachloride  was  used.  For 
conciseness,  the  data  on  one  bromination  experiment  are  given. 


Apparatus  for  synthesis  of  tertiary  etfiyl-  and  butylborneols. 
D^cribed  in  text. 
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Under  precisely  the  same  conditions  we  isolated  and  purified  tertiary  butylborneol,  of  which  we  obtained 
4.2  g  (SVo)  on  an  average  from  0.4  moles  of  camphor. 

Tertiary  ethylborneol  is  a  colorless  liquid  similar  to  glycerin,  which  boils  at  223*  with  partial  decomposi¬ 
tion  and  at  67*  (5  mm),  is  readily  soluble  in  various  organic  solvents  and  has  a  weak  stale,  camphorish  smell  and 
a  burning  taste.  It  is  readily  volatile  in  air  and  steam: 

dj®  0.9537,  n{5  1.4815,  MRq  54.45.  CijHjzO.  Calc.  54.74.  Found  C  78.80^  78.89;  H  11.90,  12.17. 
Parachor  461.6.  CJ2H22O.  Calculated  %:  C  79.04;  H  12.12.  Parachor  468.4. 

Tertiary  butylborneol  is  a  colorless,  viscous  liquid  with  b.p.  86*  (5  mm)  and  with  a  very  weak  camjrfiorish, 
but  strongly  stale  smell; 

dj®  0.9327,  n^  1.4795,  MR^  64.09.  C^HjeO.  Calc.  63.98.  Found  %;  C  79.8^  79.77;  H  12.55,  12.44. 

Parachor  546.5.  C^iH^gO.  Calculated  %:  C  79.88;  H  12.45.  Parachor  546.4. 

Preparation  and  analysis  of  phenylurethans  of  tertiary  methyl-,  ethyl-  and  butylborneob.  a)  A  mixture  of 
3  g  of  methylborneol  (m.p.  154-155*)  and  3g  of  phenylisocyanate  was  heated  for  4  hours  at  120*.  After  heating 
the  mixture  was  allowed  to  stand  for  18  hours.  The  fvoduct  was  dissolved  in  petroleum  ether  and  filtered  free 
from  diphenylurea.  The  filtrate  deposited  shining,  needle-like  crystals  of  the  phenylurethan,  which  were  then 
recrystallized  from  petroleum  ether.  In  all,  we  obtained  1.1  g  of  material  with  m.p.  138-139*.  The  nitrogen 
cortent  of  the  methylborneol  phenylurethan  was  determined  by  the  Kjeldahl  method,  as  modified  by  Esafov  [3]. 

Found  %:  N  5.04. M  294.8  (Rast*s  method).  CigH2502N.  Calculated  N  4.88.  M  287.4. 

b)  A  mixture  which  was  composed  of  3g  of  ethylborneol  and  3g  of  phenylisocyanate  was  heated  for  5 
hours  at  120*.  After  similar  treatment,  the  reaction  product  yielded  shining  needle -like  crystals  of  the  phenylure¬ 
than  with  m.p.  119*  amounting  to  1.0  g. 

Found  %!  N  4.51.  M  306.9  (Rasfs  method).  C^HnOiN.  Calculated  %;  N  4.64.  M  301.4. 

c)  From  a  mixture  of  3g  of  butylborneol  and  3g  of  frihenylisocyanate  we  obtained  by  the  same  processes 
0.8  g  of  the  phenylurethan  as  silky,  white,  needle-like  crystals  with  m.p.  100-101*. 

Found  N  4.32.  M  327.3  (Rast’s  method).  CiiHjjOiN.  Calculated  <^0:  N  4.25.  M  329.5 

SUMMARY 

1.  It  was  proved  that  camphor  reacts  at  low  temp)erature  with  ethyl-  and  butylmagneslum  bromide  with  the 
formation  of  tertiary  alcohols  -  ethyl-  and  butylborneols, 

2.  For  the  first  time  racemic  tertiary  ethyl-  and  butylborneols  and  die  corresponding  phenyluredians  were 
obtained. 
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THE  SYNTHESIS  OF  COMPLEX  ESTERS  OF  LIGNOCERIC  ALCOHOL 


AND  LIGNOCERIC  ACID 
A.  M.  Khaletsky  and  N,  M.  Gorskaya 


In  a  previous  paper  [1]  we  showed  that  besides  sterol^  alcbhols  and  acids  of  high  molecular  weight  were 
also  found  among  the  products  of  alkaline  hydrolysis  of  pine  wood.  A  closer  investigation  of  these  showed  that 
they  consisted  mainly  of  lignoceric  alcohol  and  partly  of  lignoceric  acid  CH3— (CH2)2j-CHjOH  and  CH3-(CH2)22~ 
“COOH.  It  seemed  interesting  to  find  out  if  the  latter  could  be  used  for  the  synthesis  of  complex  esters,  suitable 
for  replacing  cocoa  oil,  wax  and  other  fats. 

References  available  in  the  literature  on  derivatives  of  lignoceric  alcohol  mention  only  the  acetate,  benzo¬ 
ate,  phenacetate  and  its  p-chloro-  and  p-bromo- derivatives;  of  the  derivatives  of  lignoceric  acid,  the  methyL 
ethyl  and  phenyl  esters  had  been  synthesized  [2],  The  small  amount  of  data  on  derivatives  of  lignoceric  alcohol 
and  acid  is,  probably,  explained  by  the  small  amounts  of  the  original  material  .for  investigation  which  were 
extracted  from  plant  materials,  such  as  beech,  pine,  plant  oils  etc.  [3], 

At  the  present  time,  as  we  had  developed  a  method  of  isolating  sterols  and  aliphatic  alcohols  from  phyto¬ 
sterol -raw  materiaL  the  availability  of  the  latter  made  it  possible  to  study  in  more  detail  the  reactivity  of  ligno¬ 
ceric  alcohol  and  acid.  We  obtained  lignoceryl  formate,  acetate,  oleate,  oxalate,  malonate  and  adipate  by  the 
esterification  of  lignoceric  alcohol  with  organic  acids.  The  lignoceric  acid  was  obtained  by  oxidizing  lignoceric 
alcohol  [1]';  when  esterified  with  ethylene  glycol  it  gave  mono-  and  dilignoceric  esters;  when  esterified  with 
glycerin  two  materials  were  also  obtained.  The  structures  of  the  latter  were  not  elucidated  as  it  was  not  proved 
whether  only  the  primary  or  also  the  secondary  hydroxyl  groups  of  the  glycerin  took  part  in  the  reaction.  It  should 
be  noted  that  while  lignoceric  alcohol,  especially  when  containing  plant  sterols,  is  capable  of  emulsifying  fats, 
fatty  oils  and  hydrocarbons  (for  example,  vaseline  oil),  the  complex  esters  synthesized  by  us  did  not  have  emulsify¬ 
ing  properties. 

EXPERIMENTAL 

The  complex  esters  from  one  mole  of  lignoceric  alcohol  (m.p.  74-76*)  and  4  moles  of  organic  acids  -  oleic, 
malonic  and  adipic  -  were  synthesized  by  heating  them  in  the  presence  of  two  moles  of  concentrated  sulfuric  acid 
for  10  hours.  The  acetic  and  oxalic  esters  were  synthesized  by  heating  lignoceric  alcohol  with  acetic  anhydride 
and  anhydrous  oxalic  acid  respectively:;  lignoceryl  formate  -  by  heating  lignoceric  alcohol  with  anhydrous  sodium 
formate  (2  moles)  in  the  presence  of  sodium  bisulfite  for  10  hours.  In  Table  1  are  described  .  the  conditions  of  the 
reactions,  yields,  elementary  analysis  data  and  also  the  melting  points  of  die  complex  esters  synthesized.  They 
were  all  (with  the  exception  of  lignoceryl  oleate)  white  crystalline  materials,  insoluble  in  water.  Lignoceryl 
oleate  was  a  waxy,  slightly  yellow  mass. 

The  complex  esters  synthesized  from  one  mole  of  lignoceric  acid  (m.p.  82-83*)  and  4  moles  of  ethylene 
glycol  and  also  glycerin,  were  prepared  without  the  use  of  dehydrating  materials  by  heating  for  10  hours;  they 
were  slightly  yellow,  microcrystalline  powders,  insoluble  in  water  and  easily  hydrolyzed  by  heating  with  alcoholic 
caustic  potash.  Table  2  gives  the  reaction  conditions,  yields,  elementary  analysis  data  and  also  the  melting  points 
of  the  complex  esters  of  lignoceric  acid. 


SUMMARY 

1.  Complex  esters  were  synthesized  from  lignoceric  alcohol  and  organic  acids  (formic,  acetic,  oleic,  oxalic, 
malonic  and  adipic)  and  their  properties  were  described. 


3079 


I 


3080 


Glycerin  200  (  From  acetone  73—75  24.32  77.10,  77.12  12.66,  12.67  CsiHiooOj  77.19  12.71 

1  From  chloroform  63—67  28.51  77.04,  77.15  12.96,  12.65  C51H100O5  77.19  12.71 


2.  Complex  esters  were  synthesized  from  lignoceric  acid  and  ethylene  glycol  and  also  glycerin;  further¬ 
more,  it  was  shown  that  ethylene  glycol  forms  mono-  and  dilignoceric  glycol  esters,  while  glycerin  forms  isomeric 
dilignoceric  esters. 
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ADDITION  REACTIONS  OF  a-OXIDES  OF  PIPERYLENE 


A,  N,  Pudovik  and  B.  E.  Ivanov 


We  were  the  first  to  obtain  isomeric  a-oxides  of  piperylene  from  piperylene  chlorohydrin  and  by  oxidizing 
piperylene  with  acetyl  peroxide  [1],  The  reactions  of  piperylene  oxides  with  water,  acetic  anhydride,  acetyl 
chloride  and  ethyl  alcohol  are  described  in  this  article.  The  addition  of  water  to  a-oxides  of  piperylene  takes 
place  readily  in  the  presence  of  small  quantities  of  sulfuric  acid.  Glycols  were  separated  in  moderate  yields 
which  is  explained  by  the  difficulty  and  incompleteness  of  the  separation  from  the  reaction  mixture.  Penten-1- 
diol-3,4  (II)  was  obtained  as  the  main  reaction  product  of  the  hydration  of  3,4-epoxypentene“l(I). 


CH3-CH-CH-CH=CH,,  CH3CH0H-CH0H-CH=CH2. 

\/ 

o 

(IJ  (ID 


The  reaction  with  l,2-epoxypentene-3  (III)  proceeded  analogously,  Penten-3-diol-l,2  (IV)  was  obtained 
in  50 ‘7"  yield. 


CHa— CH=CH— CH-CHz,  CH3— CH=CH-CHOH— CHgOH. 

\/  (>V) 

O 

(HI) 

Both  reactions  gave  small  amounts  of  higher-boiling  fractions;  it  was  impossible  to  separate  products  with 
a  definite  boiling  point  from  them.  Penten-3-diol-l,  2  had  been  obtained  earlier  [2]  by  treatment  of  piperylene 
with  hydrogen  perioxide  in  an  acetone  solution. 

Acetic  anhydride  adds  to  (I)  and  (III)  with  much  more  difficulty  than  water.  Satisfactory  results  were  ob¬ 
tained  by  heating  a  mixture  of  piperylene  oxides  with  acetic  anhydride  at  140*  in  the  presence  of  small  amounts 
of  boron  trifluoride  etherate.  Pentcn-l-diol-3.4  diacetate  was  obtained  from  (I)  and  penten-3-diol-l,2  diacetate 
from  (III), 

Up  to  now  the  reactions  of  acid  chlorides  with  oxides  of  diene  hydrocarbons  had  not  been  studied.  The 
reaction  between  acetyl  chloride  and  (I)  proceeded  slowly  at  room  temperature  and  considerably  faster  at  50-60*. 
3-Chloropenten-l-ol-4  acetate  (V)  was  obtained  as  the  main  reaction  product.  Its  constants  were  identical  with 
those  of  the  acetylation  product  of  3-chloropenten-l-ol-4i  which  we  obtained  earlier 
by  the  addition  of  hypochlorous  acid  to  piperylene  [1], 

CH3— CH — CH — CH=CH2  ■ 

^COCH.^i  3-Chloropenten-l-ol-4  (V)  does  not  undergo  allyl  regrouping  in  an  acetic  acid 

solution,  containing  a  small  amount  of  sulfuric  acid,  and  this  also  confirm  frie  struc¬ 
tural  formula  assigned  to  it. 

A  small  amount  of  a  product  with  b.p.  125-126*  (13  mm),  corresponding  to  a 
mixed  ester  of  chloropentenol  and  acetoxypentenol  vas  separated  from  the  higher  boiling  fraction,  obtained  in 
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the  reaction  of  (I)  witii  acetyl  chloride.  The  following  formation  scheme  for  it  seemed  to  us  to  be  the  most  prob¬ 
able.  The  small  amount  of  hydrogen  chloride  in  the  acetyl  chloride  (formed  by  partial  hydolysis  of  acetyl  chlo¬ 
ride  by  atmospheric  humidity)  gave  a  chlorohydrin  by  reaction  with  (I)  and  this  then  added  to  (I);  the  addition 
product  was  acetylated  by  acetyl  chloride.  As  a  result  a  simple  chloropentenol  ester  and  pentendlol  acetate  were 
formed.  Analysis  for  halogen  and  molecular  refraction  confirmed  this  hypothesis. 

Addition  of  alcohol  to  divinyl  oxide  has  been  studied  in  detail  [4-7].  In  the  presence  of  alkali  metal  alco- 
holates  primary  butendiol  esters  are  formed  exclusively  or  mainly,  while  in  the  presence  of  mineral  acids  -  second¬ 
ary  ones  are  fonned. 

l-Ethoxypenten-3-ol-2,CH3-CH  =  CH-CH0H-CH20C2H5  (VI)  (92*70),  was  isolated  as  a  result  of  ethyl 
alcohol  addition  to  (III)  in  the  presence  of  sodium  ethylate.  A  study  of  the  saponification  kinetics  of  ethoxychloro- 
pentene,  obtained  from  (VI)  by  the  action  of  phosgene,  confirmed  that  the  hydroxyl  group  in  (VI)  was  in  the  allyl 
position.  The  chloroformic  ester,  formed  in  the  first  phase  of  the  reaction,  decomposed  further  when  heated  with 
a  small  amount  of  pyridine  [5].  On  the  basis  of  the  rather  wide  boiling  range  of  ethoxychloropentene  it  seemed 
likely  that  its  formation  from  l-ethoxypenten-3-ol-2  was  accompanied  by  allyl  regrouping  and,  as  a  result,  1- 
ethoxy-2-chloropentene-3  was  obtained  in  a  mixture  with  the  isomeric  chloride. 

By  saponifying  a  0.1  M  aqueous-alcohol  solution  of  ethoxychloropentene,  it  was  established  that  67*70  of  ft 
was  saponified  in  4  hours  at  50*.  The  facility  of  the  saponification  proved  that  the  chlorine  atom  in  it  was  in  the 
allyl  position.  The  saponification  of  l-methoxy-5-chloropentene-3,  which  has  chlorine  in  the  allyl  position,  and 
of  glycol  chlorohydrin  carried  out  under  analogous  conditions  for  comparison,  showed  that  they  were  60.1  and 
2.7%  sa|}onified  respectively. 

The  action  of  ethyl  alcohol  on  the  oxide  (III),  in  the  presence  of  sulfuric  acid,  resulted  in  tar  production: 
no  individual  products  could  be  isolated  from  the  reaction  mixture, 

EXPERIMENTAL 

Addition  of  water  to  3,4-epoxypentene-l  (I),  A  drop  of  sulfuric  acid  was  added  to  25  ml  of  distilled  water 
followed  by  the  gradual  addition  of  10  g  of  (I),  As  a  considerable  amount  of  heat  was  evolved,  the  reaction  flask 
was  cooled  in  ice  water  during  the  reaction.  After  half  an  hour  of  stirring,  the  reaction  was  complete.  The  aqueous 
solution  was  saturated  with  salt  and  extracted  several  times  with  ether  and  then  with  chloroform.  After  distilling 
off  the  solvents  and  twice  distilling  the  residue  with  a  small  column,  we  obtained  4g  (42'7(’)  of  penten-l-diol-3,4 
(II)  and  also  small  amounts  of  lower  and  higher  boiling  fractions. 

B.p.  93-94*  (20  mm),  dj®  1.0091,  ng  1.4565,  MRj)  27.48;  calc.  27.87.  Found  %:  C  58.96;  H  9,90. 

C5H10O2.  Calculated  *7'’:  C  58,82;  H  9,80, 

Penten— l-diol-3,4  is  a  thick,  viscous  liquid,  which  is  readily  soluble  in  water  and  alcohol  and  difficultl) 
soluble  in  ether  and  chloroform.  It  was  not  possible  to  isolate  a  single  substance  by  repeated  distillation  of  die 
fraction  with  b.p.  94-118*  (20  mm)  (2g). 

Addition  of  water  to  l,2-epoxypentene-3  (III).  The  reaction  was  carried  out  with  the  same  quantities  and 
in  the  same  way  as  described  in  the  previous  experiment.  As  a  result  of  two  distillations,  we  obtained  6g  of 
penten-3-diol-l,2(IV)  and  also  small  amounts  of  lower  and  higher  boiling  fractions. 

B.p.  109-110*  (20  mm),  1.0200,  ng  1.4690,  MRp  27.83;  calc.  27.87.  Found  %:  C  58.70;  H  9.90. 

C5H10O2.  Calculated  <7o:  C  58.82;  H  9.80. 

We  tried  to  increase  the  yield  of  the  glycols  by  isolating  them  from  the  aqueous  solution  by  distillation  in 
vacuum.  However,  we  observed  gradual  decomposition  of  the  residue  during  the  distillation;  we  were  not  able  to 
isolate  the  glycol  in  a  pure  form. 

Reaction  of  3,4-epoxypentene-l  (I)  with  acetic  anhydride.  15 g  of  (I),  30  g  of  acetic  anhydride  and  0.2  g 
of  boron  trifluoride  etherate  were  heated  at  140*  for  10  hours.  After  distillation  in  vacuum  with  a  Widmer  frac¬ 
tionating  column,  we  obtained  5g  (22*70)  of  the  diacetate  of  penten-l-diol-3,4. 

B. p.  99-100*(20  mm),  dj®  1.0272,  ng  1.4292,  MRp  46,68;  calc.  46.60.  Found‘7o:  C  57.96;  H  7.54. 

C, Hi404.  Calculated  <7o:  C  58.07;  H  7.55. 
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The  dlacetete  of  penten-1 -(1101-3.4  is  a  colorless  liquid  with  a  pleasant  ester  smell;  it  is  soluble  in  ether, 
alcohol  and  chloroform. 

Reaction  of  l,2-epoxypentene-3  (III)  with  acetic  anhydride.  0.2  ml  of  boron  trifluoride  etherate  was  adde4 
to  ISgof  (Ill)  and  30  g  of  acetic  anhydride.  Considerable  evolution  of  heat  was  observed.  The  reaction  mixture 
was  heated  at  90-100*  for  4  hours  and  then  distilled.  We  obtained  13  g  (56%)  of  the  diacetate  of  penten-3-dlol-1.2., 
about  6  g  of  a  lower  boiling  fraction  and  4g  of  undistlllable  residue. 

B.p.  116-117*  (20  mm)  dj®  1.0425.  ng  1.4380.  MRp  46.83;  calc.  46.60.  Found  %•  C  57.86;  H  7.34. 

CjHi404.  Calculated  %:  C  58.07;  H  7.55. 

Action  of  acetyl  chloride  on  3.4-epoxypentene-l  (I).  A  mixture  of  56  gof  acetyl  chloride  and  50  g  of  (I)  was 
heated  on  a  water  bath  at  50-60*  for  4  hours.  After  treatment  with  water,  the  ester  was  extracted  by  distillation 
of  the  reaction  products  with  a  Widmer  fractionating  column.  After  two  distillations,  we  obtained  27  g  of  the 
acetate  of  3-chloropenten-l-ol-4  (V). 

B.p.  65-66*  (13  mm),  dj®  1.0604,  1.4400,  MRp  40.38;  calc.  40.61.  Found  %;  Cl  22.18.  C7H11O1CI. 

Calculated  %;  Cl  21.80. 

By  distillation  of  the  higher  boiling  fraction,  we  obtained  5g  of  die  mixed  ester  of  chloropentenol  and 
acetoxypentenol. 

B.p.  125-126*  (13  mm),  (^®  1,0358,  ng  1.4572,  MRp  64.84;  calc.  64,84.  Found  %:  Cl  14.05.  CaHijCy:!. 

Calculated  %:  Cl  14.40 

Experiments  on  the  isomerization  of  the  diacetate  of  penten-3-diol-l,2  and  the  acetate  of  3-chloropenten- 
I-0I-4  in  acetic  acid  solution  in  the  presence  of  sulfuric  acid  and  copper  sulfate  (room  temperature  and  5  daysX 
did  not  give  positive  results. 

Addition  of  ethyl  alcohol  to  l,2-epoxypentene-3  (III)  in  the  presence  of  sodium  ethylate.  0.5  g  of  sodium 
was  dissolved  in  120  ml  of  anhydrous  ethyl  alcohol  and  then  17.5  g  of  (HI)  was  added.  The  reaction  mixture  was 
heated  on  a  water  bath  at  80-90*  for  10  hours.  We  obtained  25  g  of  l-ethoxypenten-3-ol-2  (VI). 

B.p.  67-68*  (13  mm);  dj®  0,9146,  ng  1,4395,  MRp  37.42;  calc,  37.23.  Pound  %:  C  64,10;  H  10.91;  OH 
12.78.  C7H14O2.  Calculated  %;  C  64.62;  H  10.77;  OH  13.07. 

The  lower  boiling  fraction  was  2,5 g  and  the  residue  about  3g, 

Action  of  phosgene  on  l-ethoxypenten-3-ol-2  (VI).  A  stream  of  dry  phosgene  was  passed  through  15  g  of 
1 -ethoxy penten-3-ol-2  until  12  g  had  been  taken  up.  On  the  addition  of  Ig  of  pyridine  to  the  reaction  mixture, 
a  considerable  evolution  of  carbon  dioxide  began.  The  reaction  mixture  was  heated  at  110-120*  for  2  hours  and 
then  distilled  in  vacuum.  We  obtained  5g  of  a  product,  boiling  over  a  quite  wide  temperature  interval. 

B.p.  64-72*  (12  mm)  ($®  1.0617,  ng  1.4525.  Found  %;  Cl  22.89.  CtHisOCI.  Calculated  %:  Cl  23.91. 

The  chloride  was  hydrolyzed  at>50*  in  50%  aqueous  alcohol  solution.  The  rate  of  hydrolysis  was  determined 
In  separate  experiments  by  the  concentration  of  chloride  ion  (Volhard  titration).  After  4  hours,  the  chloride  was 
67%  hydrolyzed. 


SUMMARY 

1.  The  addition  of  water  to  3,4-epoxypentene-l  and  l,2-epoxypentene-3  was  studied.  Penten'-  l-diol-3,4 
and  penten-3-dlol-l,2  were  obtained  and  characterized. 

2.  By  the  reaction  of  acetic  anhydride  with  3,4-epoxypentene-l,  penten-2-diol-3-4 -diacetate  was  obtained, 
while  with  l,2-epoxypentene-3 pehteh-l-^dIol-3k4  didcetate. 

3.  The  addition  of  acetyl  chloride  to  3,4-epoxypentene-l  was  studied.  3-Cllloropenten-l-bl-4  acetate 
was  obtained  and  characterized. 
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4.  l-Ethoxypenten*3-ol-2  was  obtained  by  the  action  of  ediyl  alcohol  on  l,2-epoxypentene>3  In  the  pre 
sence  of  sodium  ethylate. 

LITERATURE  CITED 

[1]  A.  N.  Pudovik  and  B.  E.  Ivanov,  Proc.  Acad.  Scl.  USSR  103,  443  (1956). 

[2]  P.  Segulm,  Compt.  rend.  216,  667  (1943). 

[3]  W.  Oroshnik  and  R,  Mallory,  J.  Am.  Chem.  Soc.  72,  4608  (1950). 

[4]  A.  A.  Petrov,  J.  Gen.  Chem.  8,  131(1938){  16,  1625(1946). 

[5]  R.  Kadesh,  J.  Am.  Chem.  Soc.  68,  141  (1946). 

[6]  P*  Bartlett  and  S.  Ross,  J.  Am.  Chem.  Soc.  70,  926  (1948). 

[7]  D.  Swern,  G.  Blllen  and  H.  Knight,  J.  Am,  Chem.  Soc.  71.  1152  (1949). 

Received  October  31,  1955  Kazan  State  University 


3086 


OXIDATION  OF  DIVINYL,  ISOPRENE  AND  PIPERYLENE 
WITH  ACETYL  PEROXIDE 

A.  N.  Pudovik  and  B.  E,  Ivanov 

Pummerer  and  Reindel  f  1]  obtained  divinyl  oxide  by  oxidizing  divinyl  with  benzoyl  peroxide.  Also,  ac¬ 
cording  to  their  data,  isoprene  oxidation  takes  place  at  the  substituted  double  bond  with  the  formation  of  2-methyl- 
l,2-epoxybutene-3.  A.  A.  Petrov  [2],  who  synthesized  2-methyl-l, 2-epoxybutene-3  by  splitting  out  hydrogen 
bromide  from  2-methyl-l-bromobuten-3-ol-2,  considered  that  Pummerer  and  Reindel  obtained  a  mixture  of 
two  isomeric  isoprene  a-oxides.  Boseken  [3]  obtain  a  glycol  monoacetate  from  acetyl  peroxide  treatment  of 
isoprene  in  an  acetic  acid  solution  and  then  by  saponification  obtained  2-methylbuten-3-diol-l,2.  The  syntiie- 
sis  of  diene  hydrocarbon  dioxides  is  described  in  [4,5].  Oxidation  of  pijjerylene  with  the  peroxides  of  (vganic 
acids  had  not  been  studied  at  all  up  to  now. 

We  studied  the  oxidation  of  divinyl,  isoprene  and  piperylene  with  acetyl  peroxide  in  a  3%  ether  solution. 

The  results  for  divinyl  and  isoprene  turned  out  to  be  analogous  to  those  obtained  earlier  with  benzoyl  peroxide. 
Divinyl  oxide  was  obtained  in  a  yield  of  50%  by  oxidation  of  divinyl.  Isoprene  was  oxidized  in  a  considerably 
larger  amount  than  in  Pummerer  and  Reindel’s  experiments;  2-methyl- l,2-epoxybutene-3  was  obtained  in  42% 
yield.  There  was  a  very  insignificant  amount  (3%)  of  a  higher-boiling  fraction  and  no  individual  products  could 
be  separated  from  it. 

997-  piperylene  with  a  content  of  approximately  707o  of  the  trans-form  was  used  for  oxidation.  As  a  result 
of  die  oxidation  a  mixture  of  piperylene  monoxides  was  obtained;  3,4-epoxypentene-l  (I)  and  l,2-epoxypentene-3 
(II)  in  a  total  yield  of  58%: 

o  o  o  o 

CH,— CH^H-CH=CH2.  CH3-CH=CH-C  CHg-dH^CH-CH^CHa 

(I)  (II)  (HI) 

55%'  of  the  isomer  mixture  consisted  of  (I).  (I)  and  (II)  were  identified  by  comparing  their  constants  with  those 
of  the  a-oxides,  obtained  by  us  earlier  from  piperylene  chlorohydrins  [6].  The  rather  wide  boiling  range  of 
piperylene  a-oxides,  obtained  by  piperylene  oxidation,  is  quite  noticeable.  This  is  explained  by  the  fact  that 
both  piperylene  a-oxides  are  mixtures  of  geometric  isomers.  The  residue  (of  about  12%o)  left  after  distilling  the 
a-oxides,  boiled  in  the  range  120-180*,  and  no  individual  products  could  be  separated  from  it.  Piperylene  oxida¬ 
tion  was  carried  out  in  8  and  20%  solutions  of  acetyl  peroxide.  With  all  otiier  conditions  equal,  the  yield  of  mix¬ 
tures  of  (I)  and  (II)  decreased  in  these  experiments  to  37  and  12%)  respectively.  The  amount  of  higher-boiling 
products  increased  sharply. 

Beside  the  yield,  the  ratio  of  a-oxides  changed  considerably.  55%)  of  the  isomer  mixture  was  oxide  (I)  when 
the  oxidation  was  carried  out  with  3%)  acetyl  peroxide,  while  it  was  approximately  100%)  when  20%-  acetyl  per¬ 
oxide  was  used.  This  shows  the  considerably  greater  reactivity  of  oxide  (II)  in  comparison  with  (I)  and  its  con¬ 
version  in  the  reaction  into  secondary  products;  pentendiol  monoacetates,  piperylene  dioxide  and  reaction  pro¬ 
ducts  of  the  dioxide  with  acetic  acid. 

Piperylene  oxidation  to  the  dioxide  was  carried  out  in  a  5%)  ether  solution  of  acetyl  peroxide.  Beside  the 
large  quantity  of  monoxides  and  higher-boiling  products;  piperylene  dioxide  (III)  was  obtained  in  a  yield  of  ap¬ 
proximately  12%)i 


3087 


We  carried  out  acetyl  peroxide  oxidation  of  piperylene  in  die  cis-  (100%)  and  trans-forms  (92%)  to  obtain 
individual  piperylene  d-ocides.  On  the  basis  of  the  paper  by  Witnauer  and  Swern  [7]  who  show  that  cis-oxides 
are  obtained  by  oxidizing  the  cit-olefin  series  with  acetyl  and  benzoyl  peroxide:^  while  by  oxidizing  trans-oleflns, 
trans-oxides  are  obtained,  we  considered  that  this  tendency  would  be  maintained  in  the  oxidation  of  stereoisomeric 
diene  hydrocarbons.  Actually,  in  each  case  of  the  oxidation  of  the  cis-  and  trans-forms  of  piperylene  both  a- 
oxides  were  obtained  with  rather  narrow  boiling  points  and  greatly  differing  constants;  the  values  of  the  constants 
of  the  a-oxides  obtained  from  technical  piperylene  (mixture  of  cis  and  trans-forms)  lie  between  them.  As  was 
expected  (see  table),  cis-oxides,  obtained  from  cis -piperylene,  had  a  higher  boiling  point,  refractive  index  and 
specific  gravity  than  the  trans-oxides  obtained  from  the  trans-form  of  piperylene. 

However,  It  was  still  impossible  to  come  to  definite  conclusions  on  the  structure  of  the  cis-  and  trans- 
piperylene  oxides  obtained,  as  it  was  possible  that  they  consisted  of  a  mixture  of  stereoisomers,  whose  stereo¬ 
isomerism  depended  on  the  different  steric  position  of  the  oxide  ring  substituent. 


Formula 

Mediod  of  preparation 

Temperature 

n20 

"D 

From  c^lorciiydrin  . 
Oxidation  of  cis-  and 

82  —  83'' 

82  —  86 

0.8464 

0.8472 

1.4132 

1.4140 

CH3-CH-CH-CH=CH2 
\  / 

0 

trans-  mixture 

Oxidation  of  the  cis-iform 

84.5-  86 

0.8592 

1.4182 

Oxidation  of  die  trans-form 

82  —  83.5 

0.8432 

1.4110 

(92%) 

From  chlorohydrin 

103  —104 

0.8750 

1.4345 

Oxidation  of  cis-  and  trans- 

102  —105 

0.8752 

1.4355 

CH3-CH=CH  -CH-CHj 

mixture 

\  / 

Oxidation  of  the  cis-form 

103  —104 

0.8953 

1.4385 

o 

Oxidation  of  die  trans-form 

101  -102 

0.8720 

1.4325 

The  relation  of  the  oxidation  rate  of  diene  hydrocarbons 
to  their  structure.  1)  Divinyl;  2)  isoprene;  3)  trans- 
piperylene;  4)  cis-piperylene;  5)  dimethylbutadlene; 

6)  hexa diene. 


The  kinetics  of  the  oxidation  of  divinyl,  isoprene, 
cis-  and  trans-piperylenes,  2,3-dimethylbutadiene-l,3 
and  hexadiene -2,4  with  3%  solution  of  acetyl  peroxide 
in  an  ether  solution  were  studied  to  find  out  the  relation 
of  the  oxidation  rate  of  diene  hydrocarbons  to  their 
structure.  The  results  obtained  are  shown  in  the  graph. 

The  diene  hydrocarbons  may  be  arranged  in  the 
following  series  according  to  their  increasing  oxidation 
rate;  divinyl  <  isoprene  <  cis-piperylene  <  trans-pipery- 
lene  <  2,3-dimethylbutadiene-l,3  <  hexadiene-2, 4.  As 
can  be  seen,  the  accumulation  of  methyl  groups  in  the 
diene  system  facilitates  die  oxidation  process;  the  sub¬ 
stitution  of  hydrogen  atoms  in  the  divinyl  molecule  by 
methyl  groups  on  the  outer  carbon  atoms  accelerates 
oxidation  to  a  greater  degree  than  substitution  on  the 
center  ones.  It  is  likewise  interesting  to  note  that  the 
considerable  difference  in  the  reaction  rates  in  diene 
synthesis,  observed  with  geometric  isomers  of  diene 
hydrocarbon^  appears  to  be  much  less  in  oxidations 
with  acetyl  peroxide  .  Cis-piperylene  is  oxidized 
somewhat  slower  than  trans-piperylene. 
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EXPERIMENTAL 


Oxidation  of  dlvlnyl  with  acetyl  peroxide.  To  a  solution  of  60  g  of  divinyl  in  2  liters  of  anhydrous  ether 
was  added  80  ml  of  90%  acetyl  peroxide.  The  reaction  mixture  was  allowed  to  stand  at  room  temperature.  The 
reaction  was  followed  by  testing  samples  with  potassiumiodide.  The  reaction  was  almost  complete  after  15  days. 
The  acetic  acid  was  neutralized  with  10%  caustic  soda  solution.  The  ether  solution  was  dried  with  sodium  sulfate. 
After  distilling  off  the  ether,  the  residue  was  distilled  on  a  bubble-cap  column  with  an  efficiency  of  10  theoretical 
plates  .  We  obtained  35 g  of  divinyl  oxide. 

B.  p.  66-66. 5’.  d*®  0.8720.  n^  1.4105. 

Oxidation  of  isoprene  with  acetyl  peroxide.  110  g  of  isoprene  in  4  liters  of  anhydrous  ether  was  oxidized 
with  128  ml  of  95%  acetyl  peroxide.  The  reaction  was  almost  complete  after  12  days.  We  obtained  55  g  of 
1,2- epoxy-2- methylbutene-1. 

B.  p.  79.5-80.5*.  dj®  0.8574,  ng  1.4180. 

Oxidation  of  a  mixture  of  cis-  and  trans-piperylene  with  acetyl  peroxide.  To  170  g  of  piperylene  (99% 
ng  1.4320)  in  6  liters  of  anhydrous  ether  was  added  200  ml  of  80%  acetyl  peroxide.  The  reaction  was  almost 
complete  after  9  days.  Distillation  of  the  oxides  was  carried  out  on  a  bubble -cap  column  with  an  efficiency  of 
20  theoretical  plates.  After  two  distillations  we  isolated  45g  of  a  mixture  of  cis-  and  trans-3^4-epoxypentene-l 
(1)  and  34g  of  a  mixture  of  cis-  and  trans-l,2-epoxypentene-3  (U). 

(I) :  b.p.  82-86*,  dj®  0.8472,  ng  1.4140.  Found  %:  C  71.15;  H  9.56.  CjHgO.  Calculated  %:  C  71.43;  H 

9.52. 

(II) :  b.  p.  102-105*,  df  0.8752,  ng  1.4355.  Found  %;  C  71.85;  H  9.78.  CjHgO.  Calculated  %;  C  71.43; 

H  9.52. 


The  residue  from  the  distillation  (15  g)  distilled  in  the  range  120-180*. 

In  a  repeat  experiment  68  g  of  piperylene  in  1  liter  of  ether  was  oxidized  with  86  ml  of  90%  acetyl  peroxide. 
The  reaction  was  accompanied  by  heating  up  of  the  reaction  mixture;  it  was  complete  after  5  days.  We  obtained 
21  g  of  (I)  and  10  g  of  (II).  On  further  lowering  the  amount  of  ether  the  reaction  proceeded  even  more  vigorously; 
the  yield  of  oxides  fell  and  the  amount  of  high  boiling  residue  increased. 

Oxidation  of  cis- piperylene  with  acetyl  peroxide.  The  cis-piperylene  was  obtained  by  treating  technical 
piperylene  twice  with  maleic  anhydride.  (Heating  and  mixing  -  for  8  hours).  78  g  of  cis-piperylene  (ng  1.4358) 
in  3  liters  of  ether  was  oxidized  with  90  ml  of  85%  acetyl  peroxide.  The  reaction  was  complete  after  10  days. 

We  obtained  20g  of  cis-3,4-epoxypentene-l  (I)  and  14g  of  cis-l,2-epoxypentene-3  (II). 

(I  cis):  b.p.  84.5-86*,  dj®  0.8592,  ng  1.4182.  Found  %:  C  71.20;  H  9.74.  CgHgO.  Calculated  %:  C  71.43; 

H  9.52. 

(II  cis);  b.p.  103-104*,  dj®  0.8953,  ng  1.4385.  Found  %•  C  71.00;  H  9.48.  CgHgO.  Calculated  %: 

C  71.43;  H  9.52. 

Oxidation  of  trans-piperylene  wi.th  acetyl  peroxide.  To  prepare  the  trans-piperylene,  technical  piperylene 
was  heated  for  12  hours  with  iodine  and  picric  acid.  For  the  oxidation  we  used  piperylene  containing  92%  of  the 
trans-form  (b.p.  41-42*,  ng  1,4308).  70 g  of  trans-piperylene  in  3  liters  of  anhydrous  ether  was  oxidized  with 
85  ml  of  93%  acetyl  peroxide.  The  reaction  was  complete  after  8  days.  After  working  up  and  distilling  the  reac¬ 
tion  mixture  twice  through  a  column  with  an  efficiency  of  10  theoretical  plates^  we  obtained  20  g  of  trans-3,4- 
epoxypentene-1  (I)  and  15  g  of  trans-l,2-epoxypentene-3  (II). 

(I  trans);  b.p.  82-83.5*,  4®  0.8432,  1.4110.  Found  %:  C  71.31;  H  9.55.  CgHjO.  Calculated  %; 

C  71.43;  H  9.52. 

(II  trans):  b.p.  101-102*,  dj®  0.8720,  ng  1.4325.  Found  %;  C  71.20;  H  9.6.  CjHjO.  Calculated  %; 

C  71.43;  H  9.52. 
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Synthesis  of  pipcrylene  dioxide  (III).  190  ml  oi‘  85'7o  acetyl  peroxide  was  added  to  68  g  of  piperylene  in  4 
liters  of  anhydrous  ether.  The  reaction  was  almost  complete  after  17  days.  After  seyeral  distillations  of  the  reac¬ 
tion  mixture,  we  isolated  12  g  of  3,4-epoxypentene- 1,  7  g  of  l,2-epoxypentene-3  and  7g  of  piperylene  dioxide; 

B.  p.  56-57*(20  mm),  df  1,0278,  n^  1.4295,  MRp  25.1;  calc.  24.17,  Found  %:  C  59.48;  H  8.14. 

CgHgOi.  Calculated  C  60.00;  H  8,00. 

Piperylene  dioxide  is  a  colorless  liquid,  which  is  readily  soluble  in  alcohol  and  ether  and  insoluble  in  water. 
On  standing  it  becomes  yellow. 

Kinetics  of  die  acetyl  peroxide  oxidation  of  diene  hydrocarbons.  0,4  M  solutions  of  diyinyl,  isoprene,  cis- 
and  trans-piperylene,  dimethylbuta diene  and  hexadiene  in  anhydrous  ether  were  oxidized  with  acetyl  peroxide 
(3^>)  at  17-18*.  After  every  18-20  hours,  5  ml  samples  of  the  reaction  mixtures  were  taken  and  added  to  2%  pot¬ 
assium  iodide  solution.  The  iodine  liberated  was  quickly  titrated  with  0.1  N  hyposulfite  solution.  The  results 
obtained  are  shown  in  the  figure. 


SUMMARY 

1.  The  a-oxide  of  divinyl  and  the  a-oxide  of  isoprene  (2-methyl-l,2-epoxybutene-3)  were  obtained  in 
yields  of  50  and  42%  respectively  by  oxidizing  divinyl  and  isoprene  with  acetyl  peroxide  in  an  ether  solution. 

2.  By  oxidizing  piperylene  with  acetyl  peroxide  we  obtained  both  isomeric  a-oxides;  3,4-epoxypentene-l 
and  l,2-ep>oxypentene-3,  in  a  total  yield  of  58%,  The  isomer  mixture  contained  55%  of  the  former.  The  oxida¬ 
tion  of  cis-  and  trans-forms  of  piperylene  was  studied.  Cis-  and  trans-piperylene  oxides  were  isolated  and  charac¬ 
terized, 

3.  The  diene  hydrocarbons  may  be  arranged  according  to  the  increasing  oxidation  rate  in  the  following 
series;  divinyl  <  isoprene<  cis-piperylene  <  trans-piperylene  <  2,3-dimethylbutadiene-l,3<  hexadiene-2,4.  The 
accumulation  of  methyl  groups  at  the  outer  carbon  atoms  in  a  divinyl  molecule  accelerates  the  oxidation  process 
to  a  greater  degree  than  substitution  at  the  center  ones. 
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HALOGENATION  OF  UNSATURATED  COMPOUNDS  WITH 
AROMATIC  DIA70  COMPOUNDS 

I.  THE  REACTION  OF  PHENYLDIAZONIUM  CHLORIDE  AND  BROMIDE  WITH  BUTADIENE-1.3 
AND  SOME  REACTIONS  OF  4-CHLORO-1-PHENYLBUTENE-2 

A,  V.  Dombrovsky  and  A.  P.  Terentyev 


K.  Meyer  et  al.  [1]  were  the  first  to  note  that  isoprene  reacted  with  aromatic  dia70nium  salts  in  the  cold 
and  in  an  acidic  medium  with  the  formation  of  a  nitrogen-containing  material.  K.  Meyer  [2]  investigated  this 
reaction  as  applied  to  mono-  and  diolefins  and  came  to  the  conclusion  that  azo  combination  took  place;  widi 
p-nitrophenyldiazonium,  conjugated  dienes  form  a  we  11 -crystallized  colored  azo  compound;  monoolefins  do  not 
react.  A.  P.Terentyev  and  A.  A.  Demidova  [3]  confirmed  the  fact  that  only  conjugated  dienes  undergo  azo  com¬ 
bination.  A.  P.Terentyev  [4]  proposed  a  reaction  with  diazonium  salts  for  the  qualitative  and  quantitative  deter¬ 
mination  of  conjugated  dienes.  Meerwein  et  al,  [5]  described  a  reaction  of  aromatic  diazonium  salts  with  a.B- 
unsaturated  carbonyl  compounds,  resulting  in  the  formation  of  aryl  substituted  compounds  according  to  the  general 
scheme; 


R-CH-CH-CO-R  +.Ar-N2-Cl  R-CH=C-CO-R'-t- HCl -h  Ng. 

Ar 

Besides  the  vinyl  arylation,  diazonium  salt  addition  occurred  at  the  multiple  bond; 

\CH=CH<f  -^-Ar— Na— Cl  — ►  Ar— CH— CH— Cl  Ng. 

/  \  II 


In  this  work  we  describe  the  reaction  of  phenyldiazonium  chloride  and  bromide  with  butadiene-1,3  and 
examine  the  role  of  those  factors  that  promote  the  formation  of  4-halogeno-l-phenylbutene-2; 


CaHr-Na— Hal -H  CH2=CH-CH=CH2  — »►  CoHj-CHa-CH^CH-CHaHal -i- Ng, 

r/ie  Hal=CI,  Br. 


Sodium  acetate  was  introduced  as  buffer  into  the  reaction  mixture  of  the  Meerwein  reaction  between  un¬ 
saturated  compounds  and  diazonium  salts.  Our  experiments  showed  that  without  sodium  acetate  the  yield  of 
4-chloro-l-phenylbutene-2(I)  was  only  24%  based  on  aniline,  in  the  reaction  of  phenyldiazonium  chloride  with 
divinyl  in  a  water-acetone  solution  in  the  presence  of  cupric  chloride.  Chlorobenzene  and  phenol  were  the  main 
reaction  products.  The  yield  of  (I)  increased  to  50%  by  carrying  out  the  reaction  in  an  acetate  buffer,  but  a  con¬ 
siderable  amount  of  tar  was  formed.  We  carried  out  a  series  of  experiments,  substituting  the  sodium  acetate  by 
other  materials,  and,  as  can  be  seen  from  the  table,  the  best  results  were  obtained  with  calcium  oxide;  further¬ 
more,  the  reaction  in  this  case  proceeded  at  6-8*,  while  with  sodium  acetate  at  18-20*. 

The  nature  of  the  solvent  used  also  affected  the  course  of  the  reaction.  The  best  results  were  obtained 
when  the  reaction  was  carried  out  in  a  water-acetone  solution  In  certain  cases,  for  example  in  haiogeno- 

arylation  of  maleic  acid  [61  acetone  was  not  used  at  all,  as  both  components  dissolved  satisfactorily  in  water. 
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The  Relation  of  the  Product  Yields  in  the  Reaction  between  Phenyldiazonium  Chloride 
and  Divlnyl  to  Additives 


1  Yield  (in  % 

Addltivca  ^ 

1 

Chloro- 

Tars 

1  C,HjCH,-rH=CH-CH,— Cl 

C,H,CI 

C.HjOH 

C,H, 

acetone 

CaO . 

70 

7 

[Traces 

Traces 

10.7 

MvO . 

60 

17.7 

2.6 

** 

16.5 

CH.COONa  .... 

50 

18 

5.3  . 

„ 

22.2 

Without  additives  .  . 

24 

30 

30 

7.8 

AKOHls . 

12 

35.6 

42.5 

— 

— 

5 

CuO . 

11 

74 

— 

— 

— 

6.3 

ZuO . 

0 

32 

25 

9 

30 

Acetone  also  had  a  definite  specific  effect  on  the  direction  of  the  reaction.  This  is  doubtlessly  due  to  the  mech¬ 
anism  of  the  reaction  between  unsaturated  molecules  of  the  organic  material,  on  the  one  hand,  and  diazonium 
salt  ions,  on  the  other.  The  existence  of  the  latter  in  the  ionic  form  is  closely  connected  with  the  reaction 
medium,  the  solvent.  Tlie  dielectric  constant  and  the  size  of  the  dipole  moment  are  the  most  important  of  the 
physical  properties  of  the  solvent.  In  contrast  to  other  solvents,  acetone  has  a  relatively  large  dielectric  constant 
and  a  large  dipole  moment.  Such  solvents  as  pyridine  and  dioxane,  although  they  are  completely  miscible  with 
water,  have  small  values  for  these  constants.  Alcohols  have  high  constants  but  they  themselves  enter  into  chem¬ 
ical  reaction  with  aryldiazonium  salts.  Acetonitrile  was  tested  by  Meerwein[5]  and  gave  good  results,  which 
fully  agree  with  our  reasoning.  The  availability  of  acetone  made  it  most  suitable  as  the  solvent  for  this  reaction. 

The  presence  of  a  catalyst,  cupric  chloride  or  cupric  bromide,  was  a  necessary  condition  for  carrying  out 
halogenoarylation.  We  established  that  0.20-0.23  moles  of  cupric  halide  must  be  Introduced  for  each  mole  of 
diazonium  salt  in  the  reaction. 

Hodgson  et  aL[7]  interpreted  the  catalytic  action  of  the  Cu'*"*'  ion  (and  some  other  metals,  for  example^ 
AICI3,  Fed,)  as  confirming  that  in  the  decomposition  of  diazo  compounds  the  electrophilic  diazo  cation  Ar-N=N 
reacts  widi  the  anionic  halogen,  entering  into  the  composition  of  the  complex  formed  by  halogen  ions  and  the 
catalytic  action  of  the  salt.  The  existence  of  a  complex  ion  CuCl^  was  assumed  in  the  case  of  divalent  copper, 
although  Waters  [8]  considered  it  inactive  catalytically. 

The  problem  of  the  reaction  mechanism  of  arylation  and  halogenoarylation  of  unsaturated  compounds  is 
still  not  clear.  Meerwein  [5]  proposed  an  ionic  mechanism  according  to  which  aryl  cations  were  formed  by  di¬ 
azonium  salt  decomposition  and  reacted  at  the  multiple  bond  of  the  unsaturated  molecule.  However,  such  an 
explanation  contradicts  the  experimental  data  of  Meerwein  himself  and  of  other  authors.  Coelsch  and  Boekelheide 
f9]  thought  that  the  process  proceeded  through  a  stage  of  free  radical  formation,  and  assumed  that  aryldiazonium 
salts  in  the  presence  of  acetic  acid  buffer  were  converted  into  arylazoacetates  which  decomposed  into  free  rad¬ 
icals.  But  even  this  interpretation  does  not  explain  the  cases  of  reaction  without  sodium  acetate  additions,  for 
example,  in  a  hydrochloric  acid  medium  [10],  or,  as  was  shown  by  us,  in  the  presence  of  lime,  magnesium  oxide 
etc. 

A.  N.  Nesmeyanov  and  his  school  [11, 12]  studied  the  decomposition  mechanism  of  aromatic  diazocompounds 
and  their  double  salts.  The  diazonium  salts  may  decompose  in  solutions  either  homolytically  with  free  radical 
formation  or  heterolytically  with  formation  of  particles  of  ionic  character,  depending  on  the  reaction  conditions 
and  nature  of  the  anions.  Taking  this  into  consideration  as  well  as  tlie  capacity  of  aromatic  diazonium  salts  to 
form  complex  compounds,  we  think  that  first  the  complex  CgH5-N2~Cl 'CuClj  is  formed,  which  under  the  con¬ 
ditions  of  a  buffer  or  neutral  medium  is  converted  from  an  ionic  to  an  unstable  compound,  with  a  homopolar  type 
of  structure,  which  easily  undergoes  homolytic  decomposition  into  an  aryl  radical  and  atomic  chlorine  which 
react  in  several  directions  -  with  die  unsaturated  molecules,  solvent  or  with  each  other  by  the  scheme: 


Cl  +  CuClj  - ►  CgHj-lJj-Cl-CiiCl^^^^CeCs -Nj- C-uClj, 

[CgHj-N.J^CuCl",  CeH5;:'N  =  N:;  C\iCl3 - ►CsHj*-  Cl*  +  CvCl^+Nj, 

CjH,*  -*•  Cl*  +  CH2=CH-CH=CHj - ►CeHj-CHj-CH^CH- CHjCl. 

Side  reactions: 


CqHs*  -+-CI*  — — >  CaHr.Cl, 

QHs  -+-CH3-CO-CH3  — >  CeHfi. 

Cl  - -*-CH3— CO-CH3 ►  CH3-CO-CH2-CI. 

C6H5N+  H2O  — ►  C0H5OH. 


It  becomes  clear  from  this  why  only  cupric  halides  acted  as  catalysts  in  this  reaction,  while  sulfates  and 
nitrates  were  inactive,  as  the  formation  of  the  radicals  S04*or  N03*  is  improbable. 


The  reaction  between  phenyldiazonium  bromide  and  divinyl  in  the  presence  of  magnesium  oxide  and 
CuBrj  proceeded  extremely  energetically;  however,  the  main  reaction  product  was  bromobenzene  (56%)  and  4- 
bromo-l-phenylbutene-2  was  obtained  in  only  33%  yield.  This  compound  was  synthesized  by  a  Grignard  reaction 
from  phenylmagnesium  bromide  and  l,4-dibromobutene-2  [13]. 

Compounds  obtained  by  divinyl  halogenoarylation  contained  halogen  in  the  allyl  position  and  its  lability 
was  still  more  increased  by  the  presence  of  a  phenyl  radical  in  the  conjugated  position. 


4-Chloro-l-phenylbutene-2  (I)  was  obtained  only  in  1948  by  the  reaction  of  thionyl  chloride  with  1-phenyl- 
buten-2-ol-4i  which  was  synthesized,  in  its  turn,  from  3, 4-epoxybuiene-l  and  phenylmagnesium  bromide  [14]. 

We  studied  a  series  of  reactions  in  which  4-chloro-l-phenylbutene-2  took  part.  The  oxidation  of  (I)  re¬ 
sulted  in  benzoic  acid: 

CeH5-CH2-CH=CH-CH2Cl  C,U,COOH. 


4-Bromo-l-phenylbutene-2  was  formed  by  heating  (I)  with  an  excess  of  potassium  bromide  in  acetone. 

The  exchange  of  chlorine  for  iodine  proceeded  readily  by  boiling  (I)  with  potassium  iodide  in  alcohol.  Chlorine 
was  Just  as  readily  exchanged  for  a  thiocyanide  group.  (I)  reacted  smoothly  with  diethylamine  giving  4-diethyl- 
amlno-l-phenylbutene-2  in  almost  quantitative  yield. 

The  reaction  of  (I)  with  an  alcohol  solution  of  sodium  ethylate  resulted  in  the  formation  of  two  materials 
In  almost  equal  amounts  —  l-phenylbutadiene-1,3  and  l-phenyl-4-ethoxybutene-2: 


CeH5-CH2-CH=CH-CH2-CI 

(I) 


- *’CoH.-CH-CH-CH=CH2 

(V) 

- >CbH5-CH2-CH=CH— CHa— OC2H5. 

(vn 


(I)  reacted  quantitatively  with  dioxane  dibromide  in  the  cold  and  was  converted  into  l-phenyl-4-chloro- 
2,3-dibromobutane.  (I)  reacted  in  the  usual  manner  with  phenylmagnesium  bromide  with  the  formation  of 
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l,4-diphenylbutene-2.  The  latter,  when  treated  with  bromine,  gave  l,4-diphenyl-2,3-dibromobutene,  which 
when  heated  with  quinoline  gave  trans-trans-diphenylbutadiene-1,3  in  92'7f  yield, 

CoHr-CH2-CH-=CH-CH2CI  -h  CuHr.MjrBr  — ►  CoHr,CH2-CH=CH-CH2C8Hr, 

(!)  HI) 

— ».  C«H5-CH..-CHBr-CHBr-CH2-Cr,Hr,  C«H5-CH=^CH-CH=CH-CeH5. 

(Ml)  (IV) 


EXPERIMENTAL 

4-Chloro-l-pheiiylbutene-2  (1).  The  reaction  was  carried  out  in  a  flask  with  stirrer,  a  thermometer  and  a 
dropping  funnel.  Beside  the  stirrer,  two  tubes  were  inserted  in  the  wide  neck'—  a  divinyl  inlet  and  a  gas  outlet; 
the  latter  was  connected  to  a  reflux  condenser.  In  a  typical  example,  19  g  of  aniline  was  dissolved  in  50  ml  of 
concentrated  acid  and  diazotized  with  a  solution  of  14  g  of  sodium  nitrite  in  20  ml  of  water;  during  the  diazotiza- 
tion,  about  50  g  of  ice  was  added;  thus,  the  total  volume  was  about  150  ml,  16  g  of  divlnyl  was  dissolved  in 
200  ml  of  acetone,  cooled  to  — 5*,  and  was  transfered  to  the  reaction  flask,  which  was  well  cooled  and  in  which 
had  previously  been  placed  8  g  of  CUCI2  *21120  in  15  ml  of  water  and  7.5  g  of  calcium  oxide.  The  cold  (0*) 
solution  of  the  diazo  compound  was  added  dropwise  to  tlie  vigorously  stirred  mixture.  At  6-7*  a  considerable 
evolution  of  nitrogen  began,  which  was  collected  in  a  gasometer  after  previously  being  freed  from  acetone  vapor 
and  divinyl  by  passing  through  washing  bottles  with  water,  bromine  solution,  dioxane  and  again  water.  At  the 
same  time,  divinyl  was  passed  through  the  reaction  mixture  at  a  rate  of  1  bubble  per  second.  After  2  hours,  the 
evolution  of  nitrogen  ceased.  The  mixing  was  continued  for  a  further  V2  hour  and  the  temperature  was  allowed 
to  rise  to  that  of  the  room.  4  liters  of  nitrogen  was  isolated.  200  ml  of  edier  was  added  to  the  layered  liquid. 

The  ether  layer  was  separated,  washed  with  water  and  dried  with  calcium  chloride.  After  distilling  off  the  ether, 
28.1  g  of  a  dark  oil  remained,  which  gave  on  distillation  1.6g(7<y)  of  chlorobenzene,  23. 3g  (TO^fr)  of  4-chloro-l- 
phenylbutene-2  (I)  and  a  residue  of  3  g  of  tarry  material. 

The  substance  (1)  was  a  slightly  yellow  oil. 

B.p.  110-112*(6  mmX  ng  1.5402,  df  1.0541,  MR^  49.50.  C„HiiClp4.  Calc,  49.18. 

Literature  data;  b.p.  107-112*(12  mm),  n”  1.5365,  c§®  1.032  [14]. 

Found  o/r:  C  72,05;  H  6.62;  Cl  21.25.  CioHuCl.  Calculated  :  C  72.08;  H  6.65;  Cl  21,28. 

The  substance  decolorized  potassium  permanganate  solution  and  bromine  water  and  mixed  with  the  usual 
organic  solvents. 

The  reaction  between  divinyl  and  phenyldiazonium  chloride  in  the  p-esence  of  magnesium  oxide,  sodium 
acetate,  and  free  of  aluminum  oxide  hydrate,  copper  oxide  and  zinc  oxide  was  carried  out  in  a  similar 
way.  The  results  of  the  experiments  are  given  in  the  table. 

2  g  of  (1)  was  oxidized  in  50  ml  of  water,  made  alkaline  with  caustic  potash,  by  the  gradual  addition  of 
KMn04  with  stirring.  Benzoic  acid  was  isolated  from  the  filtrate  after  acidification. 

Oxidation  of  2  g  of  (1)  with  a  solution  of  11.2  g  of  K2Cr207  and  6  ml  of  concentrated  sulfuric  acid  in  50  ml 
of  water  also  gave  benzoic  acid;  m.p.  121*.  A  mixed  m.p.  was  not  depressed, 

4-Bromo-l-phenylbutene-2.  150  ml  of  a  solution  of  phenyldiazonium  bromide  was  prepared  by  diazotizing 
at  — 4  to  +2*  18.6  g  of  aniline  in  83  ml  of  concentrated  hydrobromic  acid  (d  1.385)  with  14  g  of  sodium  nitrite 
in  25  ml  of  water  at  -  4  +  2".  The  reaction  with  divinyl  was  carried  out  similarly  to  the  experiment  with  phenyl¬ 
diazonium  chloride  in  the  presence  of  lime,  but  instead  of  cupric  oxide,  11.2  g  of  CuBr2  was  used  and  instead  of 
calcium  oxide,  4.8  g  of  magnesium  oxide.  The  evolution  of  nitrogen  proceeded  at  3-7*.  Distillation  yielded 
1.5  g  of  phenol,  17.5  g  (56%)  of  bromobenzene,  14  g  of  4-bromo-l-phenylbutene-2  and  2.5  g  of  a  tarry 

material. 

4-Bromo-l-phenylbutene-2  was  a  slightly  yellow  oil. 

B.p.  118-121*(5  mm),  nJJ  1.5678.  d$“  1.2660.  MR^  54.53.  CaHi,Brf^4.  Calc.  54.34. 

Literature  data  [13];  b.p.  112-115*(14  mm).  Found  %;  Br  37.80.  CmHjiBr.  Calculated  %:  Br  37,86. 
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1.4- Diphenvlbutene-2  (II).  A  solution  of  16,7  g  of  4-chloro-l-phenylbutene*2  (I)  in  20  ml  of  absolute 
ether  was  added  with  stirring  to  a  solution  of  phenylmagnesium  bromide  (from  15.7  g  of  bromobenzene  and  2,4 
g  of  magnesium  in  40  ml  of  absolute  ether).  At  the  end  of  the  reaction  the  mixture  was  heated  to  boiling  for  a 
further  Vj  hour,  decomposed  with  25  g  of  ice  and  acidified  with  dilute  sulfuric  acid.  The  ether  layer  was  washed 
with  water,  alkali  and  again  with  water  and  dried  with  calcium  chloride.  The  ether  was  distilled  off  and  the  re¬ 
sidue  was  distilled  in  vacuum;  we  collected  14  g(63.7%)  of  a  thick,  slightly  yellow  oil. 

B.p.  135-160*  (8  mm)  on  cooling  to  -0*  it  crystallized;  b.p.  45-45,5*  (from  methanol).  Literature  data; 

m.p.  45-46*  [15],  Found  %;  C  92.31;  H  7.82,  CijHjg.  Calculated  C  92.26;  H  7.73. 

1.4- Diphenyl-3,4-dibromobutane  (III).  3  ml  of  bromine  was  carefully  added  with  cooling  and  stirring  to 
10.4  g  of  l,4-diphenylbutene-2  (II)  in  50  ml  of  methanol.  A  heavy,  transparent  oil  separated  out  and  crystallized; 
m.p,  81*  (from  methanol).  The  yield  was  18  g  (98%). 

Found  %;  Br  43.61.  Ci^HigBrj.  Calculated  %;  Br  43.42. 

Trans-trans-1.4-diphenvlbuta diene- 1.3  (IV).  7.4  g  of  1, 4-diphenyl-2, 3-dibromobutane  (III)  was  heated  for 
Vj  hour  at  160*  with  45  ml  of  quinoline;  on  cooling  the  dark  liquid  was  poured  into  100  ml  of  20%  sulfuric  acid. 
The  precipitate  was  exuacted  with  ether;  the  extract  was  washed  with  water  and  dried  with  calcium  chloride. 
After  distilling  off  the  ether  we  obtained  3.8  g  (92%)  of  a  substance  with  m.p.  150.5*  (from  glacial  acetic  acid). 

Literature  data;  m.p.  147*,  152*  [16]. 

Condensation  of  (IV>  with  maleic  anhydride.  2g  of  (III)  was  carefully  heated  with  Ig  of  maleic  anhydride 
until  it  gently  boiled.  After  cooling  the  melt,  it  was  recrystallized  from  benzene;  m.p.  206-207*. 

Literature  data;  m.p.  207*  [17]. 

4-Bromo-l-phenvlbutene-2.  8.3  g  of  substance  (I)  and  9.5  g  of  finely  powdered  potassium  bromide  in  30 
ml  of  acetone  were  heated  in  a  sealed  tube  at  100*  for  8  hours.  The  mixture  was  treated  with  water,  the  organic 
layer  was  extracted  with  ether  and  dried  with  calcium  chloride.  After  distilling  off  the  solvent,  we  obtained  9  g 
of  oil,  which  yielded  on  distillation  2.5  g  of  unreacted  (I)  and  5g  of  4-bromo-l-phenylbutEne-2.  B.p.  116-118* 

(3  mm). 

Found  %:  Br  37.68.  CjoHuBr.  Calculated  %;  Br  37.68. 

4-  lodo-  l-phenvlbutene-2.  7  g  of  substance  (I)  and  10  g  of  potassium  iodide  were  boiled  for  4  hours  in  40 
ml  of  alcohol.  The  liquid  and  the  precipitate  were  treated  with  water.  The  oily  layer  was  washed  with  sodium 
thiosulfate,  extracted  with  ether  and  dried  over  calcium  chloride.  On  evaporating  off  the  ether  we  obtained  9g 
of  a  heavy  oil  which  decomposed  on  distilling  in  vacuum  (4  mm). 

ng  1.5940,  dj®  1.5100,  MBp  58.01.  CioHiiir4.  Calc.  57.11. 

4-Thiocyano-  l-phenvlbutene-2.  8.3  g  of  substance  (I)  and  7.8  g  of  potassium  thiocyanate  were  boiled  for 
6  hours  in  alcohol.  The  reaction  mixture  was  worked  up  as  in  the  previous  experiment.  We  obtained  6.7  g 
(70.5%)  of  a  slightly  yellow  oil  with  a  characteristic  smell, 

B.p.  135-138*  (5  mm),  nf5  1.5748,  d|®  1.0685.  Found  %;  N7.16,  CuHnNS.  Calculated  7o :  N  7.40. 

4  -  Die  thylamino-  l-phenvlbutene-2.  A  mixture  of  8.3  g  of  substance  (IX  12.6  ml  of  diethylamine  and  10 
ml  of  water  was  heated  fcr  2  hours  in  a  sealed  tube  at  100*.  The  organic  layer  was  dissolved  in  ether,  washed  with 
water  to  a  negative  reaction  for  ionic  chlorine  and  dried  with  solid  caustic  potash.  We  obtained  10  g  (98%)  of  a 
colorless  oil,  which  was  difficultly  soluble  in  water, 

B.p,  130*  (9  mm),  n|5  1.5158,  dj®  0.9060,  MR^,  67.71.  CuH2iNp4.  Calc.  66,72.  Found  %;  N  6.52.  C14H11N. 

Calculated  %;  N  6.89. 


4-Dlethylaniino-l-phenylbutene-2  liydrochlorlde.  A  stream  of  dry  hydrogen  chloride  was  passed  through 
a  solution  of  2  g  of  4-diethylamino-l-plKMiylbutene-2  In  20  ml  of  absolute  ether.  We  obtained  2.25  g  (95^o)  of 
colorless  crystals  of  the  amine  hydrochloride:  in.p.  85*. 

Found  Cl  14.58.  CuUziNCl.  Calculated  Cl  14.79. 

1-Phenylbutadlene--1,3  (V)  and  4-ethoxy- l-phenylbutene-2  (VI).  To  a  solution  of  sodium  ethylate  (from 
2,3  g  of  sodium  and  60  ml  of  anhydrous  alcohol)  cooled  to  0*  15.3  g  of  substance  (1)  was  added  with  stirring, 
whereupon  the  temperature  rose  to  6*  and  the  solution  became  quite  cloudy.  The  mixture  was  heated  to  50-60* 
for  2  hours,  diluted  with  60  ml  of  water  and  extracted  with  ether  and  the  extract  was  washed  with  water  and  dried 
with  magnesium  sulfate.  After  distilling  off  the  solvent,  we  obtained  16  g  of  oil,  which  gave  two  fractions  on  dis¬ 
tillation  lih  vacuum 

1st  fraction  5.5 g  (43'’^.>)~  1-phenylbuta diene- 1,3  (V): 

b.p.  85-87*  (10  mm),  n|5  1.5903,  dj®  0.927n.  MRp  47.41.  C^Hjopg.  Calc.  43.85. 

A  mixture  of  1.5  g  of  the  diene  obtained  with  Ig  of  maleic  anhydride  was  heated  on  a  water  bath  for  1.5 
hours.  The  solidified  melt  was  recrystallized  from  benzene:  m.p.  120*  (literature  data:  m.p.  119-120*  [17]). 
According  to  the  constants,  the  diene  obtained  under  these  conditions  corresponded  to  cis-l-phenylbutadiene-1,3. 
Literature  data:  b.p.  86*  (11  mm),  n^  1.5950  [18], 

2nd  fraction  6,5g  (37,5*70)-  a  colorless  oil  corresponding  to  the  ether  4-ethoxy-l-phenylbutene-2. 

B.p.  117-118*  (10  mm),  nj®  1.5115,  dj®  0.9446,  MRq  55.94.  CuHi50p4.  Calc.  55.19. 

Found  *7o:  C  81.96;  H  9.36.  CaHigO.  Calculated  *7o:  C  81.77;  H  9.15. 

l-Phenyl-4-chloro-2,3-dibromobutane,  8.3  g  of  substance  (1),  dissolved  in  30  ml  of  dioxane,  was  added  in 
portions  with  stirring  and  cooiing  to  16.8  g  of  dioxane  dibromide  (from  8.8  g  of  dioxane  and  2.7  g  of  bromine  [19]). 
The  reaction  was  complete  in  a  few  minutes.  The  dioxane  was  distilled  off  in  vacuum  (100  mm).  The  residue 
was  a  ciear,  colorless  oil.  The  yield  was  16,3  g  (100%).  In  the  cold  it  set  to  a  viscous  mass. 

nJ5  1.5927,  ^®  1.6902  MRp  65.64.  CigHnClBrj.  Calc.  65.44,  Found  <7o:  C  53.28;  H4.71.  CioHuClBrj. 

Calculated  %:  C  53.03;  H  4.90. 


SUMMARY 

1.  4-Chloro-l-phenylbutene-2  was  obtained  in  good  yields  (60-10%)  by  treating  divinyl  with  phenyldi- 
azonium  chloride  in  a  water-acetone  solution  in  the  presence  of  cupric  chloride  and  calcium  or  magnesium 
oxides.  A  number  of  properties  and  reactions  of  the  chlorophenylbutene  obtained  were  studied. 

2.  A  reaction  mechanism  was  proposed  for  the  halogenoarylation  of  divinyl  by  aromatic  diazonium  salts 
In  the  presence  of  cupric  halides. 
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SYNTHESIS  OF  SOME  DERIVATIVES  OF 
p.  p’-DIAMINO-MESO-3. 4-DIP  HE  NYLHEXANE 

S.  F.  Torf  and  N.  V,  Khromov  -  Borisov 


After  it  was  found  that  ft,  B* -bis-dichlorodiethylamines  had  a  certain  retarding  effect  on  the  growth  of 
malignant  tumors,  various  investigators  synthesized  and  tested  different  amino  compounds  containing  B‘chIoro- 
ethyl  radicals.  The  introduction  of  chloroethyl  radicals  into  p,  p‘ -diamino-meso-3,4-diphenylhexane  (I)  which 
is  similiar  in  structure  to  synestrol  is  described  in  this  paper.  Besides  the  di-[V{/'-(biS“8“chlotoethylamino)-meso- 
3,4-diphenylhexane  (II)  obtained  by  this  method,  the  following,  which  are  similiar  to  it  in  structure,  were  also 
tested:  di-p,p^(bis-B  -hydroxyethylamino)-meso-3,4-diphenylhexane  (III),  bis-p,p^(diethylaminc)-meso-3,4-di- 
phenylhexane  (IV)  and  the  original  p, p“'d(amino-meso-3,4-diphenylhexane  (I). 


H2N-C6H4— CH - CH-C6H4-NH2 

I  I 

C2H5  C2H5 
(I) 

(ClCH2CH2)2N-CeH4-CH - CH-C6H4-N(CH2CH2CI)2 

C2H5  C2H5 

(in 

(H0CH2CH2)2N-C8H4-CH - CH-C6H4-N(CH2CH20H)2 

I  I 

C2H5  C2H6 

(HI) 

(C2H5)2N-C6H4-CH - CH - C6H4-N(C2H5)2 

I  I 

C2H5  C2H5 

(IV) 

(C2H5)3N-C6H4-CH - CH-C6H4-N(C2H5)3 

ill  I 

C2H5  C2H5  ^ 

(V) 

(CH3)3N-CaH4-CH - CH-C8H4-N(CH3)3 

I  II  I 

C2H5  C2H6 

(VI) 

(CH3)2N-C8H4-CH - CH-C8H4-N(CH3)2 

I  I 

C2H5  C2H5 

(VII) 


The  synthesis  of  the  compounds  mentioned  was  carried  out  in  the  following  way.  p,  p^Diamino-meso-3,4- 
diphenylhexane  [1,2]  (I)  was  treated  with  ethylene  chlorohydrin  in  the  presence  of  calcium  carbonate  and  sodium 
iodide  (which  accelerated  the  reaction  somewhat  and  improved  the  yield)  to  give  di-p;p'-(bis*&-hydroxyethyl- 
amino)-meso-3,4-diphenylhexane  (III)  which  was  then  converted  by  phosphorus  oxychloride  into  di-p,p*-(bis-B - 
chloroethylamino)-meso-3, 4-diphenylhexane  (II)  under  the  conditions  described  by  Ross  [3]  for  die  synthesis  of 
B  “chloroethylamino  derivatives  of  the  aromatic  series,  p,  p  -Bis-(diethylamino)“meso-3, 4-diphenylhexane  (IV) 
was  obtained  by  the  method  described  by  us  earlier  [4].  It  could  also  be  obtained  from  p, p^bis-(diethylamino)- 
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meso-3,4-dlphenylhexane  (V)['4]  by  the  reaction  of  the  latter  with  sodium  ethylate.  p,p'-Bis-(dlmethylamino)- 
meso-3,4-diphenylhexane  (VII)  was  obtained  by  the  same  method,  from  p,p'-bls-(dimethylamlno)-meso-3,4- 
diphenylhexane  diiodomethylate  (VI)  [4], 

The  materials  (I-IV)  were  tested  by  N.  A.  Vodolazskaya  in  the  Experimental  Chemical  Therapy  Laboratory 
of  die  Institute  of  Experimental  Cancer  Pathology  and  Therapy  of  the  USSR  Academy  of  Medicine.  The  tests 
showed  that  when  the  materials  were  introduced  in  the  form  of  a  suspension  in  glycerin,  diluted  with  water,  in 
doses  of  100-1000  mg/  kg  into  the  stomach  of  mice  with  grafted  Erlich  tumors,  no  retarding  effect  was  observed 
on  the  tumor  growth. 


EXPERIMENTAL 

Di-p, p*  -(bis-B  -hydroxyethvlamino)-meso-3. 4-diphenvlhexane  (HI).  A  mixture  of  8  g  of  p,p’-diamino- 
meso-3,4-diphenylhexane  (I),  10.5  g  of  calcium  carbonate,  11  g  of  sodium  iodide,  220  ml  of  ethyl  alcohol,  120 
ml  of  water  and  44  ml  of  ethylene  chlorohydrin  was  refluxed  on  a  water  bath  for  70  hours  (with  interruptions). 
For  the  last  25-30  hours  it  boiled  better  with  mechanical  stirring  as  the  reaction  mixture  began  to  bump  up  into 
the  condenser  vigorously.  After  cooling,  the  precipitate  was  filtered  off  (13.5 g),  boiled  with  50  ml  of  alcohol 
and,  after  cooling,  again  filtered  off  (12.9  g).  Then  it  was  boiled  with  300  ml  of  alcohol  in  the  presence  of  act¬ 
ivated  charcoal  and  the  undissolved  precipitate  was  filtered  off  hot.  On  cooling  the  filtrate  yielded  1.8  g  of  a 
white  precipitate  with  m.p.  207-209*.  The  undissolved  precipitate  was  again  treated  with  the  mother  liquors  in 
the  same  way  4  times.  This  yielded  a  further  6.85  g  of  material  with  m.p.  207-209*.  In  all  we  obtained  8.65  g 
(65.3%)  of  the  white  substance  (III). 


Found  %:  C  70.30,  70.38;  H  9,11,  9.09;  N  6.23,  6,33.  C26H40O4N2.  Calculated  %;  C  70.27;  H  9.01;  N  6.31. 

Di-p, p' -(bis- 6 ~chloroethyIamino)-meso-3, 4-diphenvlhexane  (II).  6g  of  di-ptp'-(bis-6-hydroxyethyl- 
amino)-meso-3,4-diphenylhexane  was  added  over  a  period  of  20  minutes  to  15  ml  of  phosphorus  oxychloride, 
cooled  in  ice  water,  and  after  this,  the  reaction  mixture  was  heated  on  a  boiling  water  bath  for  1  hour  with  a  re¬ 
flux  condenser  and  a  calcium  chloride  tube.  Then  the  excess  phosphorus  oxychloride  (7  ml)  was  distilled  in 
vacuum  on  a  boiling  water  bath,  100  ml  of  water  and  50  ml  of  chloroform  was  added  to  die  cooled  residue  and 
the  mixture  was  periodically  carefully  shaken  by  hand.  The  viscous  residue  disolved  only  after  2.5  hours.  The 
aqueous  layer  was  separated  and  washed  with  10  ml  of  chloroform  and  the  chloroform  solutions  were  combined. 
After  washing  the  chloroform  solution  with  10  ml  of  water,  it  was  treated  in  the  cold  with  active  charcoal.  On 
the  following  day  the  chloroform  solution  was  filtered  and  diluted  with  70  ml  of  methyl  alcohol.  After  20  minutes 
.precipitation  began.  After  cooling  in  ice  for  3  hours,  the  precipitate  was  filtered  off  and  washed  with  a  mixture 
of  chloroform  and  methyl  alcohol.  We  obtained  5.4g  f77.1%)  of  material  (II)  with  m.p.  149-151*,  which  was 
white  with  a  grey  tint.  On  storage  in  air,  the  material  turned  slightly  red.  It  was  insoluble  in  dilute  hydrochloric 
acid.  On  boiling  a  solution  in  anhydrous  alcohol  with  an  alcohol  solution  of  AgN03  for  30-40  minutes,  the  chlo¬ 
rine  was  completely  precipitated  (in  the  form  of  AgCl). 

Found  %:  C  60.11,  60.20;  H  7.03,  7.05;  N  5.45,  5.50;  Cl  27.33^  27,68,  CaeHagNzC^  Calculated  %; 

C  60.23;  H  6.95;  N  5.41;  Cl  27.41. 

p, p' -Bis-(diethvlamino)-meso-3, 4-diphenylhexane  (IV).  0.18g  of  p.p' -bis-(diethylamino)-meso-3,4-di- 
phenylhexane  diiodoethylate  was  added  to  a  solution  of  sodium  alcoholate  prepared  from  0.05  g  of  sodium  and 
15  ml  of  anhydrous  alcohol,  and  the  mixture  was  refluxed  for  2  hours.  Then  2  ml  of  water  was  added  to  the  solu¬ 
tion,  the  mixture  was  heated  until  the  precipitate  produced  by  the  addition  of  the  water  had  dissolved  and  the 
solution  was  filtered  while  hot.  After  cooling,  the  precipitate  was  filtered  off.  We  obtained  0,06  g  (60.7%)  of 
the  white  substance  (IV)  with  m.p,  158-160*. 

Found  %;  N  7.39,  7.37,  C26H4oN2.  Calculated  %:  N  7.37. 

A  mixed  m.p.  with  a  sample  of  p.p’-bis-(diethylamino)-meso-3,4-diphenylhexane,  obtained  by  another 
method  [4],  was  not  depressed. 

p.p*-Bis-(dimethylamino)-meso-3.4-diphenylhexane  (VII).  0.3gof  p,p'-bis-(dimeihylamino)-meso-3,4- 
diphenylhexane  diiodomethylate  was  added  to  a  solution  of  sodium  alcoholate,  obtained  from  0.3  g  of  sodium  and 
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15  ml  of  anhydrous  alcohol,  and  the  mixture  was  refluxed  for  2.5  hours.  Then  30  ml  of  water  was  added  to  the 
hot  solution,  the  precipitate  was  filtered  off  from  the  warm  solution,  washed  with  warm  water  and  dried  at  60* 

The  weight  was  0.15  g  (62.5%)  and  the  m.p.  202-204*.  After  recrystallization  from  30  ml  of  alcohol,  we  obtained 
O.lg  of  a  white  substance  (VII)  with  m.p.  210-212*. 

Found  %:  C  81.48,  81.62;  H  9.98.  9,82;  N  8.60,  8.71,  CijHjjNj,  Calculated  %;  C  81.48;  H  9.88;  N  8,64. 

SUMMARY 

1.  Di-p,p'  -(bis-6  ■hydroxyethylamino)-meso-3,4-diphenylhexane  and  di-p,p'-(bis-B-chloroethylamino)- 
meso-3,4-diphenylhexane  were  synthesized  from  p,p'-diamino-meso-3,4-diphenylhexane.  p,p'-Bis-(dimethyl- 
amino)-meso-3,4-diphenylhexane  and  p,p' -bis-(diethylamino)-meso-3,4-diphenylhexane  were  obtained  from  the 
iodide  salts  of  the  corresponding  quaternary  base. 

2.  When  p,  p'-diamino-meso-3,4-diphenylhexane,  p,  p’ -bis-(diethylamino)-meso-3,4-diphenylhexane,  di- 
p,p'-(bis-6  -hydroxyethylamino)-meso-3,4-diphenylhexane  and  di-p,p'-(bis-B*chloroethylamino)-meso-3,4-di- 
phenylhexane  were  tested  on  mice  with  grafted  Erlich  tumors  no  retarding  effect  on  the  tumor  growth  was  observed 
when  these  materials  were  introduced  in  doses  of  100-1000  mg/kg  in  the  form  of  a  suspension  in  glycerin,  diluted 
with  water. 
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ATTEMPTED  SYNTHESIS  OF  7  -  A  M  I N  OH  E  PT  A  NOIC  ACID  BY 
THE  PARTIAL  HYDROLYSIS  OF  P  IM  E  LO  DI  NI T  R IL  E  WITH 


HYDROGEN  PEROXIDE 
M.  N.  Bogdanov 


7-AmInoheptanoic  acid  is  the  monomer  for  obtaining  a  fibre-forming  and  technically  important  poly¬ 
amide  resin  [1]  which  contains  almost  no  fractions  with  low  molecular  weight.  Due  to  this  the  investigation  of 
methods  of  synthesizing  it  is  of  considerable  interest.  Pimelodinitrile,  which  is  quite  readily  obtainable  from 
furfurol  [21  is  one  of  the  possible  raw  materials  for  7-aminoheptanoic  acid.  7-Aminoheptanoic  acid  may  be 
synthesized  from  pimelodinitrile  in  two  ways:  a)  by  partial  hydrogenation  of  the  dinitrile  with  the  formation  of 
7-aminoheptanonitrile  and  hydrolysis  of  the  latter  into  the  free  aminoacid-  b)  by  partial  saponifrcation  of  the 
dinitrile  into  7-aminoheptanoamide  and  subsequent  hydrolysis  of  the  amide.  The  first  scheme  for  synthesizir^ 
7-aminoheptanoic  acid  has  already  been  approved  [1];  the  second  has  not  been  described  in  die  literature  and  Is 
the  subject  of  this  investigation. 


CNfCHalsCN  — ►  CNfCHglsCONHa  — *•  NHaCHgiCHajsCONHa. 


Alkaline  hydrogen  peroxide  -  a  reagent  that  had  already  been  used  earlier  for  the  partial  hydrolysis  of  the 
dinitriles  of  adipic  and  sebacic  acids  [3]-  was  used  for  converting  pimelodinitrile  into  5-cyanocaproamide. 

After  a  number  of  experiments  a  method  was  worked  out  by  which  5-cyanocaproamide  was  obtained  in  68 
yield  allowing  for  the  unreacted  dinitrile.  Besides  the  monoamide,  about  19%  of  pimelodiamide  was  also  fcvmed. 
The  reaction  was  carried  out  by  mixing  1  volume  of  dinitrile  with  4  volumes  of  a  3%  aqueous  solution  of  HjC^, 
made  alkaline  with  KOH,  at  2-4*  and  heating  them  for  a  short  time.  The  reaction  products  were  easily  separated, 
by  extraction  of  the  residue  from  evaporation  to  dryness  of  the  aqueous  part  of  the  reaction  emulsion.  The  un¬ 
reacted  dinitrile,  with  no  preliminary  purification,  was  again  used  for  the  following  hydrolysis  operation.  An 
increase  in  temperature  and  the  use  of  solvents  sharply  decreased  the  amount  of  dinitrile  reacting;  an  increase 
in  the  amount  and  concentration  of  H2O2  increased  the  amount  of  reacted  dinitrile,  but  simultaneously  increased 
the  relative  yield  of  pimelodiamide. 

The  second  stage  of  the  scheme  —  the  reduction  of  5-cyanocaproamide  into  aminoheptanoamide  —  met 
with  difficulties. 

Hydrogenation  with  molecular  hydrogen  under  pressure  in  the  presence  of  Raney  nickel  catalyst  was  ac¬ 
companied  by  ammonia  separation  and  resulted  in  the  formation,  not  of  a  primary,  but  of  a  secondary  amine, 
di-(6-carboxyhexyl)-amine,as  the  main  reaction  product: 


2CN(CH2)bCONH2  NH2CO{CH2)eNH(CH2)eCONH2  -t-  NH3. 


The  5-cyanocaproamide  and  di-(6-amIdohexyl)-amine  synthesized  and  the dt-(6-carboxyhexyl)-a mine, 
obtained  by  hydrolysis  of  the  latter,  are  new  compounds. 
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EXPERIMENTAL 


Partial  hydrolysis  of  pimelodinitrile  (typical  experiment).  A  mixture  of  103  ml  of  3%  HjC^  and  2  ml  of 
KOII  was  placed  in  a  flask  submerged  in  an  ice  bath  and  fitted  witli  an  efficient  stirrer.  25  ml  of  pimelodi¬ 
nitrile  was  added  with  mixing  over  a  period  of  50  minutes  to  tlie  hydrogen  peroxide,  which  was  cooled  to  2-4*. 
Then,  witliout  stopping  tljc  stirrer,  the  flask  was  heated  on  a  boiling  water  bath  for  10-15  minutes.  The  suspension 
formed  was  cooled  to  room  temperature,  transfered  to  a  separating  funnel  and  the  \  unrcacted  dinitrile  was  sepa¬ 
rated  off  from  the  aqueous  solution.  This  residual  dinitrile  was  made  up  to  25  ml  with  fresh  dinitrile  and  was  used 
in  a  new  hydrolysis.  In  all,  three  subsequent  operations  were  carried  out  using  the  unreacted  pimelodinitrile.  The 
combined  aqueous  solutions  were  neutralized  and  concentrated  to  100  ml.  On  cooling  the  solution,  a  further 
small  amount  of  unreacted  dinitrile  separated.  After  separating  off  the  dinitrile,  the  solution  was  evaporated  to 
dryness  and  the  residue  was  mixed  with  50  ml  of  benzene. 

The  material  isolated  was  separated  off,  and  extracted  with  70  ml  of  boiling  dichloroethane  and  the  in¬ 
soluble  part  "A"  was  filtered  off.  On  cooling  the  dichloroethane  solution,  15 g  of  a  colorless  substance  with  m.p, 
86-88*  separated.  After  crystallization  from  a  mixture  of  dichloroethane  and  benzene,  it  melted  at  90-91*.  The 
amide  of  cyanocaproic  acid  obtained  was  readily  soluble  in  water  and  alcohols,  slightly  less  in  acetone  and  dif¬ 
ficultly  soluble  in  benzene  and  ether  and  crystallized  from  dichloroethane  (small  plates^  benzene  and  a  concen¬ 
trated  solution  of  acetone;  on  heating  with  alkali,  ammonia  was  strongly  evolved. 

Found  C  59.23,  59.39;  H  8.57,  8.59.  C,Hi20N2.  Calculated  C  60.00;  H  8.57. 

Substance  "A"  was  extracted  with  50  ml  of  boiling  ethanol,  the  solution  filtered  free  from  the  mineral  part 
and  was  evaporated  to  dryness.  The  residue  was  4,5  g  of  a  substance  with  m.p.  150-156*  and  after  crystallization 
from  ethanol,  it  melted  at  169-170*.*  On  heating  with  alkali,  ammonia  was  strongly  evolved. 

Found  °/o:  C  54.07,  52.96;  H  8.97,  9,22.  C7H14O2N2.  Calculated  C  53.17;  H  8.86. 

From  44  ml  of  pimelodinitrile,  used  for  the  three  subsequent  experiments,  20  ml  reacted  and  25  ml  was  re¬ 
covered  as  a  yellow,  turbid  oiL  which  contained  a  small  amount  of  water.  The  yield  of  the  amide  of  5-cyano- 
caproic  acid,  allowing  for  the  dinitrile  recovered,  was  about  68°/c^  the  pimelic  diamide  —  19%, 

Hydrogenation  of  5-cyanocaproamide.  14,5  g  of  amide  in  100  ml  of  dioxane  with  7  g  of  Raney  nickel 
catayst  was  hydrogenated  in  a  horizontal  rotating  autoclave  for  2  hoars  at  95-105”.  The  initial  hydrogen  pressure 
in  the  autoclave  was  90  atm.,  the  final  (after  hydrogenation),  86  atm.  When  the  pressure  was  let  down  there  was  a 
strong  odor  of  ammonia.  The  reaction  product  —  a  crystalline,  colorless  material—  was  dissolved  in  hot  methanol, 
after  decantation  of  the  dioxane.  The  solution  was  filtered  free  from  catalyst  and  evaporated  to  dryness.  The  resi¬ 
due  crystallized  from  40  ml  of  butanol,  the  crystals  were  washed  with  5  ml  of  butanol  and  20  ml  of  acetone  and 
twice  recrystalUzed  from  water.  We  obtained  6.4  g  of  di-(6-amidohexyl)- amine  with  m.p.  150.5-151.5*.  The 
Inaterial  was  difficultly  soluble  in  hot  ether  and  benzene;  it  crystallized  readily  from  butanol  and  water  and  not 
quite  so  well,  due  to  the  greater  solubility,  from  methanol  and  ethanol. 

Found;  M  268,  268.  Ci4H290iN3.  Calculated;  M  271. 

Hydrolysis  of  di-(6-amidohexylVamine.  A  mixture  of  1.5 g  of  di-(6-amidohexyH-amine.  15  ml  of  water 
and  10  g  of  Ba(OH)2-8H20  was  boiled  for  13  hours,  then  diluted  with  100  ml  of  water,  filtered  and  saturated  with 
CO2. 

The  BaC03  precipitate  was  separated  off  and  to  the  filtrate  was  added  dilute  sulfuric  acid  until  the  last 
drop  of  acid  produced  no  precipitate.  The  material  was  filtered  off,  dissolved  in  30  ml  of  water  by  adding  alkali, 
and  isolated  from  the  solution  by  neutralization  to  litmus  with  dilute  H2SO4,  We  obtained  0.89  g  of  di-(6-carboxy- 
hexy^ amine  with  m.p,  212.5-213.5*,  which  was  insoluble  in  acetone,  ether,  benzene  and  ethyl  acetate,  moder¬ 
ately  soluble  in  hot  water  and  methanol  and  crystallized  from  boiling  water.  The  material  had  amphoteric 
properties  and  readily  dissolved  on  treating  its  suspension  in  water  with  acid  or  alkali. 

Found  %:  C  61.81;  61.84;  H  9.44,  9.54,  M**261.  268,  C14H27O4N.  Calculated  %:  C  61.48;  H  9.95.  M  273. 

*  For  diamide  of  pimelic  acid  m.p.  170- 173*  {4]. 

**  By  titrating  a  solution  of  the  material  in  excess  alkali  with  sulfuric  acid  in  the  presence  of  phenolphthalein 
(neutralization  point  -  transition  into  the  monosodium  salt). 
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SUMMARY 

1.  A  method  for  tlie  partial  hydrolysis  of  plmelodlnltrlle  with  alkali  hydrogen  peroxide  In  a  yield  of  up  to 
68%  of  5-cyanocaproamlde,  was  worked  out  to  obtain  7-amlnoheptanolc  acid  from  plmelodlnltrlle. 

2.  The  hydrogenation  of  5-cyanocaproamlde  Into  7-amlnoheptanoamlde  with  molecular  hydrogen  in  the 
presence  of  Raney  nickel  catalyst  resulted  in  the  formation  not  of  7-aminoheptanoamlde,  but  of  di-(6-amldohexyl) 
amine  as  the  main  reaction  product. 

3.  New  compounds  were  synthesized;  5-cyanocaproamlde,  di-(6-amidohexyl)-amine  and  dl-(6-carboxy- 
hexyl)-amine. 
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INVESTIGATIONS  IN  THE  FIELD  OF  ACETYLENIC  AMINES 


III.  ISOMERIZATION  OF  DIALKYLAMINOACETYLENES 
A.  T.  Babayan  and  N.  G,  Vartanyan 


It  was  shown  in  a  previous  report  [1]  that  the  presence  of  a  dimethylamino  group  in  the  a-position  to  the 
acetylenic  carbon  atom  facilitates  isomerization  (according  to  Favorsky)  of  l-dimethylaminobutyne-2  into  1- 
dimethylaminobutyne-3  by  the  action  of  metallic  sodium.  A  series  of  dialkylaminoacetylenes  were  synthesized 
by  us  and  treated  with  metallic  sodium  in  an  ether  medium  to  find  out  the  effect  that  the  nature  of  the  radicals^ 
as  well  as  the  position  of  the  dialkylamino  group»had  on  the  isomerization  rate. 

The  experimental  results  are  summarized  in  the  table. 

An  increase  in  radicals  connected  to  nitrogen.as  well  as  separation  of  the  amino-group  from  the  acetylene 
carbon  atorr^  Ieads  to  a  decrease  in  isomerization  rate.  Using  1 -dimethylamino  and  l'‘diethylaminobutynes-2 
as  examples,  it  was  shown  that  the  reaction  proceeded  considerably  faster  in  boiling  ether.  Besides  the  isomeriza 
tion  product,  a  lower  boiling  fraction,  l-dialkylaminobutene-2,  was  also  obtained,  i.e.  the  hydrogenation  pro¬ 
duct  of  the  original  l-dialkylaminobutyne'-2.  We  tried  isomerization  with  sodamide  to  eliminate  hydrogenation 
[2],  However,  we  were  unable  to  bring  about  isomerization  with  sodamide  either  in  ether  or  in  xylene,  even  by 
heating  on  a  boiling  water  bath  for  many  hours  -  the  product  was  completely  recovered  unchanged.  Apparently, 
the  presence  of  the  dialkylamino-group  did  not  have  any  noticeable  effect  in  this  case  on  the  isomerization 
reaction. 

As  is  known,  the  reverse  reaction  under  the  action  of  alcoholic  caustic  potash,  which  results  in  doubly  sub- 
•stituted  acetylenic  hydrocarbons,  proceeds  at  a  relatively  higher  temperature.  Thus,  for  example,  the  conver¬ 
sion  of  ethylacetylene  [3]  into  dimethylacetylene  is  carried  out  at  170*  and  higher.  In  exactly  the  same  way, 
propylacetylene  may  be  isomerized  into  methylethylacetylene  only  by  heating  for  24  hours  at  170*.  Experiments 
showed  that  this  reaction  also  proceeded  more  readily  in  the  presence  of  the  dialkylamino  group?  1-dimethyl- 
aminobutyne-3  was  almost  completely  isomerized  into  l-dimethylaminobutyne-2  by  heating  for  3  hours  on  a 
boiling  water  bath. 

Data  taken  from  the  literature  [3,  4]  on  the  conditions  of  isomerization  of  the  corresponding  hydrocarbons 
are  also  given  in  the  table  for  comparison. 

The  starting  amines  with  three  different  radicals  were  obtained  by  the  method  we  described  earlier  [51 
while  the  others  were  obtained  by  the  dehydrochlorination  of  l-dialkylamino-3-chlorobutenes-2  [61  obtained, 
in  dieir  turn,  by  reaction  of  the  dialkylamine  with  l,3-dichlorobutene-2.  l-Dimethylaminopentynes-3  ob¬ 
tained  by  the  reaction  of  the  sodium  derivative  of  l-dimethylaminobutyne-3  with  methyl  iodide  [7], 

The  information  in  diese  reports  serves  as  a  basis  for  our  proposal  of  a  way  of  synthesizing  various  dialkyl¬ 
aminoacetylenes  by  the  scheme? 

RgNH  CH3CCI=CH-CH2C1  — R2N-CH2CH=CCl-CH3 
R2N-CH2C=r-CH3  R2N-CH2CH2C=CNa  H 
R2N-CH2CH2C=C-R'  ilt  etc. 


3107 


Due  to  the  accessibility  of  l,n-dichlorobutene-2  and  the  relative  facility  of  l-dlall<ylaminobutyne“2 
isomerization  it  seems  to  us  that  this  method  deserves  attention. 

EXPERIMENTAL 

l-Dibenzylamino-3-chlorobutene-2.  A  mixture  of  197  g  of  dibenzylamine,  62. 5g  of  1, 3-dichlorobutene“2 
and  55  ml  of  alcohol  was  heated  for  10  hours  on  a  boiling  water  bath.  Then  ether  was  added  to  the  mixture,  the 
precipitate  was  filtered  off  and  the  ether  solution  was  washed  with  water,  dried  and  distilled.  We  obtained  126.4 
g  (88. 5*7'')  of  l-dibenzylamino-3-chlorobutene-2. 

B.p.  196.5*  at  7  mm.  d^®  1.0670.  ng  1.5636,  MRp  86.957;  calc.  86.462.  Found  <^>r.  N  5.11.  CigH,oNCl. 

Calculated  N  4.9. 

Melting  point  of  the  picrate  (from  alcohol)  145-146*. 

l-Pibenzylaminobutyne-2  (1).  A  mixture  of  62. 2g  of  l-dibenzylamino-3-chlorobutene-2,  22 g  of  potas¬ 
sium  hydroxide  and  60  ml  of  polyethylene  glycol  was  heated  for  4.5  hours  witfi  stirring.  The  upper  layer  was 
separated,  washed  with  water,  dried  and  distilled.  We  obtained  45.7  g  of  l-diben7ylaminobutyne-2  (I). 

Found  <%:  N  5.84.  CigHijN.  Calcidated  N  5.62. 

Melting  point  of  the  picrate  (from  alcohol)  154-155*. 

Isomerization  of  l-(meth\  lethylamino)-butyne-2  (II).  2.3g  of  sodium  was  put  into  70  ml  of  absolute 
ether.  16  5  g  of  (II)  was  added  with  continuous  stirring.  Stirring  was  continued  for  12  hours.  The  acetylide 
formed  was  filtered  off  through  a  layer  of  dry  sand,  washed  with  ether  and  decomposed  with  ether  in  an  ether 
medium.  The  ether  layer  was  dried  and  distilled.  We  obtained  4.7g(28'7c)  of  l-(methylethylamino)-butyne-3 
(III). 

Found  N  12.88.  C7H13N.  Calculated  N  12.613. 

) 

After  distilling  off  the  solvent,  we  obtained  llg  of  a  substance  from  the  filtrate,  which  boiled  in  the  range 
120-136*  and  was  a  mixture  of  starting  material  and  products  of  its  isomerization  and  hydrogenation,  0.8  g  of  ^ 

sodium  was  recovered. 

Isomerization  of  l-diethylaminobutyne-2  (IV).  2.3  g  of  sodium  and  18.8  g  of  (IV)  were  added  to  70  ml  of  * 

ether.  Mixing  was  continued  for  20  hours.  By  working  up  as  in  the  previous  experiments,  we  obtained  6.8  g  (36%) 
of  l-diethylaminobutyne-3  (VI. 

From  the  filtrate  we  obtained  9.5  g  of  a  substance  boiling  in  the  range  140-150*  (a  mixture  of  starting 
material  and  products  of  isomerization  and  hydrogenation).  0.85 g  of  unreacted  sodium  was  recovered. 

Isomerization  of  l-(methylbenzylamino)-butyne-2  (VI).  1.6  g  of  sodium  and  18.5  g  of  (VI)  was  added  to 
70  ml  of  ether.  Stirring  was  continued  for  12  hours.  We  obtained  4.7  g  of  l-(methylbenzylamino)-butyne-3 
(VII). 


Found  %;  N  8.21.  CuHijN.  Calculated  %;  N  8.09 

From  the  filtrate  we  obtained  13  g  of  a  substance  boiling  at  105-109*  (7-8  mm).  0.9g  of  sodium  was  re¬ 
covered. 

Isomerization  of  l-dibenzylaminobutyne-2  (I).  1.15g  of  sodium  and  18.7  g  of  (I)  were  added  to  70  ml  of 
ether.  Stirring  was  continued  for  60  hours.  The  changes  in  the  reaction  mixture  occurred  very  slowly.  We  ob¬ 
tained  4.8  g  (27%)  of  l-dibenzylaminobutyne-3  (VIII). 

Found  %;  N  5,77.  CgHjjN.  Calculated  %;  N  5.62. 

From  the  filtrate  we  obtained  13  g  of  material  boiling  at  165-186*  (7.5  mm). 
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Original  compound 


Boiling 
point  frnm) 


Time  of 

20  Reaction  reaction 
"o  temperature  hours) 


CHjC-C-CH,  (*] 
(CHa),N-CH,C-C-CHa  (XI) 
CH,v 

>N-CH,C»C-CH,  (II) 

c,h/ 

C,H.),N-CH,C»C-CH,  (IV) 


>N-CH,C-C-CHs  (VI) 
(C,H,CH,),N-CH,C-C-CH,  (1) 

CH,CH,C-C-CH,PJ 
(CHj),N-CH,CH,C-C-CHa  (IX) 

/ 

CHaCHaCsCH  [»] 
CHaCH,CH,C»CH  [»] 
(CHa),N-CH,CH,C«CH  (XII) 


27—28° 

112-115 

(680) 

133—135 

(680) 

148—150 

(680) 

115-116 

(7.5) 

198 

(12) 

55-56 

135-139 

(680) 

18.5 

48—50 

102—105 

(680) 


100° 

/  Room 
\  30-35 

Room 


—  100 
1.4450  Room 


CHaCHjCfeCH 

(CH3),N-CHjCH,CbCH  (XII) 

CH,. 

)N-CH,CH,CbCH  (III) 

CaHa 

(C,H5),N-CH,CH,CbCH  (V) 

CHav 

>N-CH,CH,CbCH  (VII) 
CaH.CH,/ 

(C,H,CH,),N-CH,CHjCbCH  (VIII) 


CHsCHaCHaCsCH 
(CHa),N-CH,CH,CH,C-CH  (X> 

CHaCBC-CHa 
CHaCH,-CBC-CHa 
(CH^N-CHjCEC-CHa  (XI) 


Jg  JO  _ 

102—105  /  0.7806 

(680)  ) 

123—126  0.7932' 

(680) 

139—142  •;  0.7987 

(680)  \  - 

127  0.9372 

(16) 

176—178  1.0029 

(7.5) 

48-50  - 

.120— 123**  0.7856 

(680) 

27—28  — 

55-56  — 

112-115  0.7960 

(680) 


0.79327  1.4336 


0.9372  1.5202 


53  I  116—117° 

50  i  116-117 

28  i  106—108 


107—108.5 

160—162 

(iodomethylate) 

146—148 


100-101 


118-119 
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ccording  to  literature  data  [8];  boiling  point  of  1-dietiiylaminobutyne  -  385*  at  110  mm,  np  1,4390. 

According  to  literature  data:  l-dimethylaminopentyne-4  has  b.p,  129*,  d^®  0.7985,  np  1.4319  [9];  b.p.  72-73.5*,  np  1.4340  [10. 


Isomerization  of  l-dimethylaminopentyne-3  (IX).  2.3  g  of  sodium  and  15  g  of  (IX)  were  added  to  7 0  ml  of 
ether.  Stirring  was  continued  for  6  hours.  We  obtained  7.64  g(51.7%)  of  1-dimethylamlnopentyne  (X). 

From  the  filtrate  we  obtained  4.6  g  of  material  boiling  at  118-140r  (680  mm). 

Isomerization  of  l-dimethylaminobutyne-2  (XI)  in  boiling  ether.  4.6  g  of  sodium  and  29.1  g  of  (XI)  were 
added  to  100  ml  of  absolute  ether.  It  was  heated  on  a  water  bath.  Even  after  the  first  25  minutes  the  clear  mix¬ 
ture  became  black  and  then  quickly  became  white.  It  was  stirred  for  70  minutes  in  all.  We  obtained  13.5  g 
(507o)  of  l-dimethylaminobutyne-3  (XII).  From  the  filtrate  we  obtained  14  g  of  a  material  boiling  at  90-111*. 

Isomerization  of  l-diethylaminobutyne-2  (IV)  in  boiling  ether.  1.4  g  of  sodium  and  11.4  g  of  (IV)  were 
added  to  70  ml  of  ether.  The  reaction  was  carried  out  by  heating  on  a  boiling  water  bath.  The  reaction  took 
4  hours.  We  obtained  5.05  g  (44*^^)  of  l-diethylaminobutyne-3  (V). 

Isomerization  of  l-dimethylaminobutyne-3  (XII)  with  alcoholic  alkali.  A  mixture  of  8.6  g  of  l-dimethyl¬ 
aminobutyne-3,  15  g  of  potassium  hydroxide  and  25  ml  of  95*^  alcohol  was  heated  on  a  boiling  water  bath  for 
3  hours.  7.8  g  of  amine  was  extracted  from  the  reaction  mixture.  Two  fractions  were  obtained  by  distillation: 

1st  fraction,  b.  p.  107-111*,  1.43  g;  2nd  fraction,  b.  p.  111-117*,  5.8  g.  Neither  the  first  nor  the  second  fraction 
gave  a  precipitate  with  a  aqueous  solution  of  silver  nitrate,  but  on  standing  they  formed  a  silver  mirror  as  was 
the  case  with  l-dimethylaminobutyne-2  (XI).  Mixed  melting  points  of  their  picrates  with  the  picrate  of  l-di¬ 
methylaminobutyne-2  were  not  depressed. 

SUMMARY 

1.  It  was  established  that  the  rate  of  dialkylaminoacetylene  isomerization  by  the  action  of  metallic  sodium 
dei>ended  both  on  the  nature  of  the  radicals  introduced  into  the  dialkylamino  group  and  on  the  position  of  the 
latter  in  relation  to  the  acetylenic  carbon  atom.  Both  radical  increase  and  removal  of  the  dialkylamino  group 
resulted  in  a  decrease  in  isomerization  rate. 

2.  The  presence  of  the  dialkylamino  group  facilitated  the  isomerization  of  dialkylaminoalkylacetylene 
into  doubly  substituted  acetylene  by  treatment  with  alcoholic  alkali. 

3.  A  comparatively  simple  method  was  proposed  for  the  synthesis  of  dialkylamino  acetylenes  with  triple 
bonds  in  various  positions  in  the  molecule. 

4.  The  following  compounds  are  described  for  the  first  time:  l-dibenzylamino-3-chlorobutene-2,  1-di- 
benzylaminobutyne-2  (I),  l-(methylethylamino)-butyne-3  (III),  l-(methylbenzylamino)-butyne-3  (VII)  and 
l-dibenzylaminobutyne-3  (VIII). 
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SYNTHETIC  INVESTIGATIONS  IN  THE  FIELD  OF  POLYENE  COMPOUNDS 
X,  THE  DIRECTION  AND  THE  STEREOCHEMICAL  SPEQnaTY  OF  THE  DEHYDRATION  OF 
ESTERS  OF  3,7-DIMETHYLOCTEN-6-OL-3-IC-(l)  AQD  (6  -HYDROXY-  a.  0  -DIHYDROGERANIC) 
AND  5,9-DIMETHYLDECADIEN-2,8-OL-5-IC-(l)  AOD 

G.  I.  Samokhvalov,  M.  A.  Miropolskaya ,  and  N.  A.  Preobrazhensky 


The  deliydration  of  0  -hydroxycarboxylic  esters,  obtained  from  the  condensation  of  carbonyl  compounds 
with  halogenoacid  esters  by  the  Reformatsky  reaction,  was  first  studied  on  the  condensation  products  of  cyclic 
ketones.  Structural  factors  and  the  dehydrating  agent  had  an  effect  on  the  position  of  the  double  bond  (cyclic 
or  semicyclic)  that  was  formed  [1],  The  effect  of  the  dehydrating  agent  was  also  observed  in  the  aliphatic 
series  and  due  to  it,  mainly  a,  0  -  or  0  ,  y-  unsaturated  isomers  were  obtained  [2]. 

The  content  of  the  ester  of  3,7-dimethyloctadien-2,6-ic-(l)  acid  (geranic)  (II,  R=H),  which  is  usually  ob¬ 
tained  by  oxidation  of  geranial,  in  the  mixture  of  acids,  formed  by  the  dehydration  of  esters  of  0  -hydroxy-  a,0- 
dihydrogeranic  acid  (1,  R*=^H)  varies  greatly  depending  on  the  dehydration  agent  [3,  4]. 

We  used  pyrolysis  of  the  acetyl  derivative  (I,  R’=COCH3),  as  well  as  the  action  of  phosphorus  tribromide 
and  phosphorus  oxychloride  in  pyridine  for  the  dehydration  of  esters  of  0 -hydroxy- a, 0  -dihydrogeranic  acid  in 
the  synthesis  of  nerol  and  geraniol  described  by  us  [5],  The  position  of  the  double  bond  in  the  molecule  of  the 
dehydrated  esters  was  proved  by  reducing  them  with  lithium  aluminum  hydride.  The  a ,  0  -unsaturated  alcohols 
thus  obtained  were  capable  of  being  oxidized  by  activated  manganese  dioxide  to  the  corresponding  aldehydes. 
The  isomeric  0,  y -unsaturated  alcohols  were  not  changed  by  this  and  could  be  isolated  [6]. 


The  dehydration  of  esters  of  0  -acetoxy-  a,  0  -dihydrogeranic  acid  (I,  R’=CC)CHs)  by  slow  heating  in  the 
presence  of  catalytic  amounts  of  anhydrous  potassium  acetate  and  subsequent  reduction  gave  a  mixture  of  nerol 
and  geraniol  (III,  trans-  and  cis-),  with  a  noticeably  larger  quantity  of  the  first.  By  oxidizing  with  manganese 
dioxide,  a  mixture  of  stereoisomeric  geranials  (neral  and  geranial)  (IV,  trans-  and  cis-)  was  obtained  in  more 
than  90^  yield.  The  mixture  of  semicarbazones  (m.  p.  130-135“)  obtained  from  the  aldehyde  was  chromato¬ 
graphed  on  aluminum  oxide  to  give  the  separation  of  neral  semicarbazone  (m.  p.  171-177),  that  was  easily 
washed  out,  and  geranial  semicarbazone  (m.  p.  162-165“),  which  was  more  strongly  adsorbed,  in  a  ratio  of  about 
3.7 : 1.  This  proved  that  the  isomerism  of  the  dehydration  products  of  esters  of  hydroxyacids  lay  not  only  in  the 
position  ofthe  double  bond  formed  but  also  in  the  steric  position  of  the  substituents  around  this  bond. 
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Dehydration  of  (I),  (R*=H)  by  heating  with  phosphorous  oxychloride  in  a  mixture  of  benzene  and  pyridine 
resulted  in  an  ester,  which  when  reduced  gave  an  alcohol  containing  15-lT5t)  of  a  0  .  y-unsaturated  isomer  (VI) 
that  manganese  dioxide,  as  repeated  investigations  showed,  could  not  oxidize.  Dehydration  of  I  (R'=H)  by  heating 
with  phosphorus  tribromide  in  the  presence  of  pyridine  and  its  subsequent  reduction  resulted  in  an  alcohol  in  which 
the  content  of  the  0  ,y’-unsaturated  isomer  (VI)  reached  40-45‘5b.  A  mixture  of  aldehydes,  giving  a  crystalline 

semicarbazone  (m.  p.  130-135*),  was  also  obtained 
from  that  part  of  the  alcohol  which  was  oxidized  by 
manganese  dioxide.  The  semicarbazones  were  con¬ 
siderably  more  strongly  adsorbed  on  the  column  dur¬ 
ing  chromatography.  Semicarbazones  of  neral  (m.  p. 
171-172*)  and  geranial  (m.  p.  160-163*)  were  obtained 
after  elution  with  a  large  quantity  of  chloroform.  As 
can  be  seen  from  the  table  data,  the  amount  of  the 
•geranial"  form  of  the  geranic  acid  formed  sharply 
increased  by  dehydrating  with  phosphorus  halogen  de¬ 
rivatives  in  the  presence  of  pyridine. 

Thus,  dehydration  by  heating  the  acetyl  deriva¬ 
tive  resulted  in  esters  of  geranic  acid  mainly  with  a 
steric  configuration  that  corresponded  to  nerol.  The 
effect  of  phosphorus  halogen  derivatives  led  to  the 
formation  of  esters  of  geranic  acid  and  of  a  considerable 
quantity  of  the  isomeric  0  ,  y-unsaturated  compounds;  furthermore,  in  the  a,0  -unsaturated  part  of  the  esters  ob¬ 
tained,  the  main  isomers  were  those  with  the  steric  configurations  corresponding  to  geraniol. 

The  difference  in  the  steric  configuration  of  a,  0  -unsaturated  esters,  obtained  by  acetate  pyrolysis  and 
the  action  of  phosphorus  halogen  derivatives  in  the  presence  of  pyridine  indicated  substitution  halogenation  with 
rotation  of  the  configuration  and  subsequent  splitting  off  of  hydrogen  halide  elements. 

Two  factors  determined  tiie  formation  of  a,  0  -  and  0 ,  y-unsaturated  compounds  during  the  course  of  de¬ 
hydration:  1)  the  competing  effect  of  the  polar  carboxyl  group,  which  raises  the  proton  lability  of  the  neighbor¬ 
ing  carbon  atom;  2)  the  specific  action  of  the  alkyl  groups,  which  lower  the  activation  energy  of  halogen  deri¬ 
vatives  for  the  elimination  reaction  —  formation  of  ethylfenes  with  the  greatest  number  of  alkyl  substituents 
(Saizeffs  law) [8,  9]. 

The  introduction  of  a  vinyl  group  (IX)  between  the  carboxyl  and  methylene  group  which  it  activates,  changed 
the  direction  of  the  dehydration  so  that  a,0  -  (more  exactly,  y  ,  6  -)  isomers  predominated  [  ICQ.  This  may  have 
resulted  from  the  increased  effect  of  the  carboxyl,  due  to  its  readily  polarizable  double  bond,  as  well  as  the  ef¬ 
fect  of  the  double  bond  itself,  which  enters  into  the  configuration  and  promotes  the  formation  of  a  second  multi¬ 
ple  bond.  As  a  result  mainly  esters  of  5,9-dimethyldecatrien-2,4,8-ic  acid  (X)  were  formed  by  the  dehydration 
of  esters  of  5,9-dimethyldecadien-2,8-ol-5-ic-(l)  acid  (IX)  with  phosphorus  tribromide  or  phosphorus  oxychloride. 


The  Results  of  Dehydration  of  Esters  of  0  -Hydroxy- 
a.  0  -dihydrogeranic  Acid 
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\/\ 

(IX)  (R=CH„  C,H,) 


^'CH  -CH=CH-COOR 


CHa 

\/  I 

^  CH-CH=CH-C=0 


\/\ 

(Xr(R=H,  CH,.  C,H,) 


(XI) 


The  steric  direction,  characteristic  for  dehydration  with  phosphorus  halogen  derivatives,  is  retained  in  this 
reaction  as  we  had  established.  The  mixture  of  stereoisomeric  pseudoionones  (XI),  formed  by  saponification  of 
ester  (X),  with  subsequent  treatment  of  the  free  acid  with  methyllithium,  was  converted  to  the  2,4-dinitrophenyl- 
hydrazones.  Chromatography  of  the  hydrazones  on  aluminum  oxide  showed  the  predominance  of  pseudoionone 
dinitrophenylhydrazone,  corresponding  to  geraniol  (m.  p.  148-149’).  The  data  obtained  show  that  there  is  a 
relation  between  the  formation  of  different  amounts  of  stereoisomeric  (cis-trans-) -forms  and  the  position  of  the 
double  bond  formed  in  the  hydrocarbon  ring. 
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EXPERIMENTAL 


1.  Methyl  esters  of  3,7-dimethyloctadien-2,6-oic-(l)  acid  (geranic)  (II,  R~-CHg)  and  3,7 -dimethyloctadiea- 
3,6-oic-(l)  acid  (V,  R=CHa).  A  solution  of  16.2  g  (0.8  moles)  of  the  ethyl  ester  of  B  -hydroxy-a,  S  -dihydro- 
geranic  acid  (b.  p.  108-110*  at  3  mm)  was  added  to  a  mixture  of  12.7  g  (0.472  moles)  of  phosphorus  tribromide 
and  1.7  ml  of  pyridine  with  stirring  and  at  50-60*.  Then  a  further  5  ml  of  pyridine  was  added  and  it  was  stirred 

at  50-60*  for  30  minutes.  The  reaction  mixture  was  cooled  to  0*,  150  ml  of  water  was  added  and  it  was  extrac¬ 
ted  with  ether.  The  extract  was  washed  with  dilute  hydrochloric  acid  and  a  saturated  aqueous  solution  of  sodium 
bicarbonate  and  dried  with  sodium  sulfate.  The  ether  was  evaporated  off,  the  residue  was  distilled  and  the  de¬ 
hydration  product  was  obtained  as  a  colorless  liquid.  The  yield  was  10.8  g(73.5‘7»). 

B.  p.  110-112“  at  8  mm,  ng  1.4662,  df  0.9248,  MRp  54.55.  CnHigO^pj.  Calculated  53.72. 

The  substance  did  not  contain  active  hydrogen  (Zerewitinov). 

2.  3,7-Dimethyloctadien-2,6-ol-l  (HI)  and  3,7-dimethyloctadien-3,6-ol-l  (VI).  9.1  g  of  the  mixture  of 

esters  obtained  in  experiment  1  was  reduced  in  an  ether  medium  with  2.2  g  of  lithium  aluminum  hydride  at 
—30*.  After  distillation  we  obtained  a  colorless,  mobile  liquid.  The  yield  of  the  mixture  of  isomeric  alcohols 
was  6.4  g(897o),  b.  p.  98-100*  at  3  mm. 

Found  act.  H  0.628.  CjoHitOH*  Calculated ‘y©:  act.  H  0.650. 

3.  3,7-Dimethyloctadien-2,6-al  (citral)  (IV).  3.7  g  of  the  mixture  of  isomeric  alcohols  from  experiment 
2  was  shaken  with  a  suspension  of  manganese  dioxide  in  150  ml  of  petroleum  ether  (b.  p.  50-60*)  for  3  hours. 

The  manganese  dioxide  was  filtered  off,  the  solvent  was  distilled  off  and  the  residue  was  distilled  in  vacuum. 

A  slightly  yellow  liquid  with  a  characteristic  smell  was  obtained.  The  yield  was  2.3  g  (787©)  with  b.  p.  84-86* 
at  2  mm.  The  active  hydrogen  content  was  found  to  be  0.263%. 

The  material  contained  40%  of  unoxidized  3,7-dimettiyloctadien-3,6-ol-l  (VI). 

4.  Cis-  and  trans-3,7-dimethyloctadien-2,6-al-l.  Geranial  and  neral  (IV,cis-  and  trans-).  A  solution 
of  0.3  g  of  semicarbazide  hydrochloride  in  0.7  ml  of  water  was  mixed  with  a  solution  of  potassium  acetate  in 
0.5  ml  of  alcohol  and  added  to  a  solution  of  0.5  g  of  the  oxidation  product  in  1  ml  of  alcohol.  0.45  g  of  slightly 
yellow  crystals  were  filtered  off  and  recrystallized  from  1  ml  of  dry  methanol.  Citral  semicarbazone  (a  mix¬ 
ture  of  the  two  isomers)  was  obtained.  The  yield  was  0.38  g  (55%)  with  m.  p.  130-135*. 

Found  %:  N  19.82.  CuHigOb^.  Calculated  %;  N  20.09. 

200  mg  of  the  semicarbazone  was  dissolved  in  2  ml  of  dry  chloroform  and  put  onto  a  column  with  10  g 
of  aluminum  oxide  (activity  II,  according  to  Brockmann).  It  was  eluted  with  chloroform  (400  ml).  On  evapora¬ 
ting  the  solvent,  12  mg  of  material  was  obtained.  After  recrystallization  from  methyl  alcohol,  the  m.  p.  was 
170-171*,  which  corresponds  to  neral  semicarbazone.  Elution  with  a  mixture  of  90  ml  of  chloroform  and  10  ml 
of  dry  ethyl  alcohol  gave  123  mg  of  a  semicarbazone.  After  recrystallization  from  methyl  alcohol  the  m.  p. 
was  162-163“,  which  corresponds  to  geranial  semicarbazone. 

5.  Separation  of  the  semicarbazones  of  the  stereoisomeric  citrals,  obtained  from  the  products  of  phosphorus 
oxychloride  dehydration.  200  mg  of  the  semicarbazone  was  dissolved  in  2  ml  of  dry  chloroform  and  put  onto 

a  column  with  10  g  of  aluminum  oxide  (activity  U).  It  was  eluted  with  chloroform  (350  ml)  and  then  with  a 
mixture  of  90  ml  of  chloroform  and  10  ml  of  dry  ethyl  alcohol.  After  distilling  off  the  solvents  from  the  first 
fraction  we  obtained  26  mg  of  material  and  from  the  second  fraction,  107  mg.  Recrystallization  from  methyl 
alcohol  gave  neral  semicarbazone  with  m.  p.  169-171*  from  the  first  eluate  and  geranial  semicarbazone  with 
m.  p.  162-163*  from  the  second. 

6.  The  ethyl  ester  of  5,9-dimethyldecatrien-2,4,8-oic-(l)  acid  (X).  Dehydration  with  phosphorus  tri¬ 
bromide.  A  solution  of  4.8  g  of  the  ethyl  ester  of  5,9-dimethyldecadien-2,8-ol-5-oic-(l)  acid  (IX)(R=C2H5) 
in  2  ml  of  pyridine  and  20  ml  of  benzene  was  added  to  a  mixture  5.4  gphosphoms  tribromide  and  1ml  of  py¬ 
ridine  with  stirring  and  at  50-60*.  Then  a  further  2  ml  of  pyridine  was  added  and  it  was  stirred  at  50-60*  for 
30  minutes.  The  reaction  mixture  was  cooled  to  0*,  50  ml  of  water  was  added  and  it  was  extracted  with  ether. 

The  ether-benzene  extract  was  washed  free  from  pyridine  with  dilute  sulfuric  acid  and  a  saturated  solution  of 
sodium  bicarbonate  and  dried  with  sodium  sulfate.  The  solvent  was  evaporated  off  and  the  residue  was  distilled 
in  vacuum.  The  yield  of  the  ethyl  ester  of  5,9-dimethyldecatrien-2,4,8,-oic-(l)  acid  was  3.4  g  (77%)  with 


3113 


b.  p.  109-111*  at  8  mm.  The  substance  did  not  contain  active  hydrogen.  Xrnax  275  m/i,  Ei  cm 

6.10-dimcthylundecatricn-3,5,9-one-2  (pscudoiononc)  (XI).  a)  5,9-Dimetliyldecatrien-2,4,8-oic-<l) 
acid  (X,  R~H).  3  g  of  the  ethyl  ester  of  5,9-dimetliyldecatrien-2,4,8-oic-(l)  acid  was  hydrolyzed  with  12  ml  of 
l(fih  alcolwlic  KOH  solution  for  2  hours  at  60-7(f .  The  acid  was  obtained  as  a  yellow  oily  substance.  The  yield 
was  2.15  g(82!^.). 

b)  Pscudoiononc.  2.0  g  of  5,9-dimethyldecatrien-2,4,8-oic-(l)  acid  was  treated  with  60  ml  of  an  ether  v 

solution  of  incthyllithium  (containing  0.65  g  of  methyllithium).  A  yellow,  oily  liquid  was  obtained  with  b.  p. 

95-96*  at  0.6  mm.  The  yield  of  pseudoionone  was  1.7  g(86‘%). 

7.  Preparation  and  chromatographic  separation  of  the  2,4-dinitrophenylliydrazones  of  the  synthetic  pseudo- 
ionone.  5  ml  of  anhydrous  alcohol  was  added  to  a  solution  of  1  g  of  2,4-dinitrophenylhydrazine  in  2  ml  of  sul¬ 
furic  acid  (d^*  1.84)  and  the  reagent  produced  was  added  to  1  g  of  pseudoionone  in  3  ml  of  dry  alcohol.  A  red 
oily  material  was  precipitated,  which  quickly  crystallized,  tlie  precipitate  was  filtered  off,  washed  with  alcohol, 
dissolved  in  3  ml  of  chloroform  and  8  ml  of  methanol  was  added.  After  standing  at  “5"  for  12  hours,  the  red 
crystals  were  filtered  off.  The  yield  of  pseudoionone  2,4-dinitrophenylliydrazone  was  1.3  g  (707o)  with  m.  p. 

132-136*. 

Found  %  N  15.05.  C19H24O4N4.  Calculated  N  14.83. 

200  mg  of  the  2,4-dinitrophenylhydrazone  was  dissolved  in  2  ml  of  dry  chloroform  and  put  onto  a  column 
with  20  g  of  aluminum  oxide  and  eluted  with  chloroform.  The  material  separated  into  two  bands  on  the  column, 
the  upper  one  being  more  weakly  colored.  The  intensely  colored  lower  band  was  eluted  by  passing  50  ml  of 
chloroform  through;  the  second  band  was  eluted  with  a  mixture  of  20  ml  of  chloroform  and  20  ml  of  acetone. 

After  evaporating  off  the  solvents,  the  first  eluate  yielded  crystals  with  m.  p.  148-149’,  which  corresponded  to 
the  2,4-dinitrophenylhydrazbne  of  the  pseudoionone  from  geranial.  The  yield  was  175  mg.  The  second  eluate 
gave  a  2,4-dinitrophenylhydrazone  with  m.  p.  118-119*,  corresponding  to  the  pseudoionone  from  neral.  The 
yield  was  21  mg. 

Chromatographic  separation  of  the  2,4-dinitrophenylhydrazone5  of  pseudoionone  from  natural  citral.  200 
mg  of  the  2,4-dinitrophenylhydrazone  was  separated  on  aluminum  oxide  by  the  method  above.  We  obtained 
185  mg  of  a  2,4-dinitrophenylhydrazone  with  m.  p.  HS-MSP  and  12  mg  of  one  with  m.  p.  118-119’. 

SUMMARY 

1.  It  was  shown  that  dehydration  of  esters  of  3,7-dimethylocten-6-ol-3-ic-(l)  acid  (6  -hydroxy-a,0  - 
dihydrogeranic)  and  5,9-dimethyldecadien-2,8-ol-5-ic-(l)  acids  gave  compounds  with  the  double  bond  in  the 
a,  6  -  and  S  ,  y  -positions  and  with  cis-  and  trans -substituents  of  the  double  bond. 

2.  It  was  found  that  pyrolysis  of  the  acetyl  derivatives  of  these  acids  gave  mainly  a,  6  -unsaturated  com¬ 
pounds  with  a  predominantly  trans-(nerol)  form.  The  action  of  phosphorus  halogen  compounds  resulted  in  a  mix¬ 
ture  of  compounds,  containing  double  bonds  in  the  a,  6  -  and  8  ,  y -positions.  The  a, 6  -unsaturated  materials 
obtained  thus  were  mainly  of  the  cis-(geraniol)  form. 

3.  The  esters  of  unsaturated  acids  obtained  were  converted  into  alcohols,  aldehydes,  and  ketones,  which 
were  identified  with  natural  compounds  or  with  their  corresponding  derivatives. 
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HETEROCYCLIC  COMPOUNDS 


39.  SYNTHETIC  ANESTHETICS 

IV.  ESTERS  OF  1.  2,  5-TRIMETHYL-4-PHENYL-4-PIPERIDOL  WITH  ALIPHATIC  ACIDS 
SYNTHESIS  OF  PROMEDOL  AND  ISOPROMEDOL 

I.  N.  Nazarov,  N.  S.  Prostakov  and  N.  I.  Shvetsov 


y  -Piperidones,  formed  by  tlie  reaction  of  primary  amines  with  divinyl  ketones  [1],  obtained  by  the 
hydration  of  divinyl-acetylene  hydrocarbons  [2],  were  used  by  us  for  the  synthesis  of  esters  of  4-phenyl-4  piperidols, 
which  possess  extremely  high  anesthetic  (analgesic)  activity  and  according  to  their  structure  are  a  definite  part 
of  a  morphine  molecule. 


OH 


n 

j  1 

.CHa  CH 

II 

X 

t 

1 

1  - ^ 

CH 

11 

CHa 

CHa 

O 

II 

O 

!| 

CH 

t| 

\A 

— >  || 

1  CH.NH^ 

1  1 

^CH 

p 

CH 

1 

CH.) 

1 

CHa 

0 


II 

OH  OH  C 


Morphine 


3117 


Ill  tlic  last  few  years,  some  investigators  [3J,  using  different  inetliods  for  building  up  the  piperidine  ring, 
obtained  a  series  of  analogous  eompounds  wliicli  in  certain  cases  possess  considerable  anesthetic  activity. 


The  use  for  this  purpose  of  y -piperidones,  obtained  from  vinylctiiinylcarbinols,  is  especially  interesting 
as  all  the  stages  of  their  synthesis  proceed  exceptionally  simply  and  witli  high  yields,  while  tlie  wide  selection  of 
available  starting  vinyletliinylearbinols  makes  it  possible  to  synthesize  y -piperidones  with  various  substitutents 
in  the  piperidine  ring. 

Of  the  esters  of  4-plienyl-4-piperidols  obtained  by  us,  the  propionates  of  tlie  stereoisomeric  L,2,5- 
trimcthyl-4-phcnyl-4-pipcridols  have  an  extremely  higli  anestlictic  (analgesic)  effect,  2  to  10  times  greater 
than  tliat  of  morphine,  and  witli  relatively  low  toxicity.  During  tlie  last  seven  years  tliese  compounds  have  been 
thoroughly  studied  in  a  nunilier  of  pharmacological  and  medical  institutions  in  the  Soviet  Union  and  are  at  present 
widely  used  in  medical  practice  as  higiily  effective  anesthetics,  under  the  name  of ’Y>romedol*  [4]. 

The  starting  l,2,5-trimethyl-4-piperidone  (I)  was  obtained  by  the  reaction  of  metliylamine  with  prop- 
enylisopropenyl  ketone  [1]  whicli,in  its  tun\  was  obtained  from  the  technically  available  dimethylvinyletliinyl- 
carbinol  [5J : 
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The  stereoisomeric  l,2,5-trimetliyl-4-phenyl-4-piperidols  (11  ),  described  in  one  of  the  previous  reports 
[6J,  were  formed  by  treatment  of  1,  2,  5-trimethyl-4-piperidone  (I)  with  phenyllithium. 

The  corresponding  esters  (acetate  and  propionate)  were  obtained  earlier  in  our  laboratory  by  treating  the 
high  melting  (m.  p.  107-108* )  stereoisomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  with  acetic  and  propionic 
anhydrides  [6]. 

In  this  report  we  describe  the  syntliesis  of  a  series  of  esters  of  isomeric  l,2,5-trimethyl-4-phenyl"piperidols 
by  the  action  of  aliphatic  acid  halides  on  piperidols  (II)  in  a  benzene  or  chloroform  medium,  as  well  as  without 
solvent. 


Some  esters  were  obtained  in  yields  of  up  to  707oby  tlie  reaction  of  acid  halides  with  the  lithium  alcohol- 
ate  of  l,2,5-trimethyl-4-phenyl-4-piperidol,  formed  by  treating  tlie  piperidone  (I)  with  phenyllitliium. 

Of  the  four  theoretically  possible  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  (II),  with  diff¬ 
erent  steric  positions  of  tire  substitutents  in  the  piperidine  ring,  up  to  now  we  have  isolated  only  three  geometric 
isomers  (m.  p.  106-107*,  102:10.3*  and  107-108*)  formed  by  the  action  of  phenyllithium  on  piperidone  (I)  in  a 
ratio  of  approximately  1:2:18. 
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R  =  CH3;  C2H5  (IV);  n-CsHy  (V);  iso-CaHy  (VI);  iso-C4H9  (VII); 
CH2CH2OCH3  (VIII);  CH2CH2OC2H5  (IX);  CH2CH2OC3H7  (X); 
CH2CH2OC4H9  (XI). 
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a  -Isomer,  m.p.  106-107°;  hydrochloride,  m.p.  233-235°;  picrate,  m.p.  182-183°, 

8  -Isomer,  m.p.  102-103°;  hydrochloride,  m.p.  173-174°;  picrate,  m.p.  174-175°. 
y -Isomer,  m.p.  107-108°;  hydrochloride,  m.p.  158-159°;  picrate,  m.p.  199-199.5°. 


Apparently,  the  fourth  steric  isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (II)  is  not  formed  at  all 
under  the  normal  experimental  conditions. 


The  fact  that  three  of  the  four  theoretically  possible  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols 
(II)  may  be  isolated  sliows  that  l,2,5-tfimethyl-4-piperidone  (I)  enters  into  reaction  with  phenyllithium  in  both 
of  Its  stereoisomeric  forms  (cis  and  trans),  and  their  ratio  may  differ  considerably  depending  on  the  method  of 
isolation  and  treatment  of  tlie  piperidone : 
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The  siereoisomeric  propionates  (IV)  corresponding  to  tlie  diree  stereoisomers  of  l,2,6-trimediyl-4- 
phenyl-4-piperldol  (H)  isolated  were  obtained  in  yields  of  70-90<^J)  by  esterifying  the  isomers  with  propionyl 
chloride. 
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a -Isomer,  hydrochloride,  m,  p.  227-229*  (a  -promedol); 

0 -Isomer  hydrochloride,  m.  p,  182-183*  (6-promedol), 
y -Isomer,  hydrochloride,  m.  p.  222-223*  (y -promedol). 

The  corresponding  stereoisomeric  alcohols  (II)  were  formed  by  saponifying  the  isomeric  propionates  (IV) 
with  an  alcoholic  alkali  solution.  Consequently,  the  esterification  of  the  phenylpiperidols  (H)  as  well  as  the 
saponification  of  tiieir  corresponding  esters  (IV)  takes  place  without  any  regrouping. 

Esters  of  dibasic  acids  were  also  prepared  by  the  action  of  the  acid  chloride  on  the  lithium  alcoholate 
of  l,2,5-trimethyl-4-phenyl-4-piperidol.  The  syntheses  of  the  esters  of  oxalic,  succinic  and  adipic  acids,  (XII), 
(Xin)  and  (XIV),  were  used  as  examples. 
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The  hydrochlorides  of  these  esters  are  colorless  crystalline  materials  which  rapidly  become  wet  in  air. 

The  hydrochloride  of  the  oxalic  ester  (XII)  is  especially  strongly  hydroscopic,  while  the  hydrochloride  of  the 
adipic  ester  (XIV)  is  considerably  less  hygroscopic. 

Of  the  series  of  esters  of  l,2,5-trimethyl-4-phenyl-4-piperidol,  the  isomeric  propionates  (IV)  possess 
the  highest  anesthetic  effect,  according  to  data  from  physiological  tests  carried  out  by  M.  D.  Mashkovsky  et  al.. 
in  the  pharmacological  laboratories  of  the  All-Union  Institute  for  the  Scientific  Investigation  of  Pharmaceutical 
chemicals,  and  are  among  the  strongest  analgesic  agents  known  at  present.  Besides  the  high  activity  the 
relatively  low  toxicity,  the  absence  of  habit- formation  and  other  side  effects  peculiar  to  morphiner^re  important 
advantages  of  these  synthetic  analgesics.  The  propionates  (IV)  also  have  a  considerable  spasmolytic  activity. 
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The  stereoisomers  of  l,2,5-trinictliyl-4-plicnyl-4-piperidol  propionates  (IV)  also  differ  greatly  from  each 
otlier  in  tlielr  activity. 

The  activity  of  tire  y -isomer  (promedol)  is  approximately  2-3  times  greater  than  tiie  activity  of  morphine, 
wliile  the  0 -isomer  (isopromedol)  witli  equal  toxicity,  is  two  times  more  active  tlian  promedol  and  exceeds 
morphine  activity  by  4-6  times.  The  a -isomer  turned  out  to  be  even  more  active.  It  has  an  anesthetic  effect 
twice  as  great  as  tlic  0 -isomer  and  has  tlie  same  toxicity.  The  analgesic  effect  of  tire  acetate  of  tire  y -isomer 
(in)  is  4-5  times  less  tlian  promedol  and  only  slightly  exceeds  die  activity  of  demerol  (the  ethyl  ester  ofl- 
methyl-4-plicnyl-4-piperidinecarboxylic  acid). 

The  y -isomer  isobutyratc  (VI)  has  the  same  anesthetic  effect  as  promedol  but  exceeds  it  somewhat  in 
toxicity.  The  0-alkoxypropionates  of  tlie  y -isomer  (VIII),  (IX),  (X)  and  (XI)  have  no  analgesic  activity  even 
in  doses  up  to  20  mg/kg.  A  0.5*70  solution  of  tlie  0-butoxypropionate  (XI)  has  only  a  weak  anesthetic  effect. 

The  use  of  it  in  liigher  concentrations  produces  a  strong  effect  on  tlie  mucous  membrane.  The  adipic  ester 
(XIV)  also  has  no  anestlietic  activity. 


EXPERIMENTAL 

1,2, 5-Trimethyl -4-phenyl -4- piperidol  (II).  a)  1.5  liters  of  absolute  ether  was  placed  in  a  three-necked 
flask  fitted  with  a  stirrer,  reflux  condenser,  tliermometer,  dropping  funnel  and  a  gas  inlet,  and  under  a  stream  of 
nitrogen,  108  g  of  finely  cut  lithium,  with  the  oxide  layers  cleaned  off,  was  introduced.  Then,  under  a  continuous 
stream  of  nitrogen,  20  g  of  bromobenzene  was  added  to  the  mixture  and  after  the  beginning  of  an  intensive 
reaction,  a  solution  of  1200  g  of  bromobenzene  in  1  liter  of  absolute  ether  was  added  dropwise  at  such  a  rate 
that  tlie  ether  boiled  continuously.  At  the  end  of  the  bromobenzene  addition,  the  reaction  mixture  was  stirred 
while  the  ether  boiled  for  an  hour  and  a  half  until  the  lithium  completely  dissolved.  902  g  of  1,2,5-trimethyl- 
4-piperidone  (I)  (b.p,  73-75*  at  7  mm)  in  1  liter  of  absolute  ether  was  added  dropwise  to  the  solution  of  phenyl- 
lithium  obtained  over  two  hours  at  5-10".  The  reaction  mixture  was  left  overnight,  then  stirred  at  the  boiling 
point  of  the  ether  for  two  hours,  cooled  to  room  temperature  and  hydrolyzed  with  water  (900  ml).  The  ether 
layer  was  separated,  the  water  layer  was  extracted  with  ether,  the  ether  extracts  were  dried  with  magnesium  sul¬ 
fate  and  aftei  distillation  of  die  ether  the  volatile  products  were  evaporated  in  vacuum  at  10  mm  on  a  boiling 
water  bath. 

The  residue  (1200  g)  was  dissolved  in  150  ml  of  hot  benzine  (b.p.  80-120*),  the  solution  was  cooled  and 
left  overnight.  The  next  day  there  had  separated  268  g  of  the  hl^  melting  y -isomer  of  l,2,5-trimethyl-4- 
‘ phenyl -4-piperidol  (H)  with  m.p.  107-108*  (from  benzine)  which  did  not  depress  the  melting  point  of  a  sample 
described  earlier  [6].  The  hydrochloride  of  this  isomer  melted  at  158-159*  (from  acetone)  and  the  picrate  melted 
at  199-199.5*  (from  alcohol).  By  partially  evaporating  down  the  mother  liquor  in  vacuum  and  introducing  a  seed 
of  the  y -isomer,  a  further  167  g  of  this  material  with  m,  p.  107-108*  was  isolated.  The  uncrystallized  oil  was 
distilled  in  vacuum:  1st  fraction  b.p.  105-111*  (1  mm)  58  g;  2nd  fraction  b.p.  111-180*  (1  mm)  587  g. 

The  1st  fraction  was  dissolved  in  benzine  and  saturated  with  dry  hydrogen  chloride.  The  precipitate  of 
hydrochlorides  was  extracted  with  hot,  dry  acetone.  This  yielded  5.3  g  of  the  hydrochloride  of  the  ^-isomer  of 
l,2,5-trimethyl-4-phenyl-4-piperidol  (11)  with  m.p.  233-235*,  which  was  insoluble  in  acetone.  The  free  base 
of  the  low  melting  y<i-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (H)  was  prepared  from  the  hydrochloride 
by  treatment  with  ammonia  and  melted  at  106-107*  (from  benzine). 

Found  *70:  N  6.34,  6.40.  Ci4H2iON.  Calculated  <7o:  N  6.40. 

The  picrate  of  this  isomer  melted  at  182-183*  (from  alcohol). 

The  acetone  solution  of  the  hydrochlorides  was  evaporated  in  vacuum^  the  residue  was  dissolved  in  water 
and  treated  with  ammonia.  After  several  recrystallizations  of  the  precipitate  from  benzine,  we  obtained  5.8  g 
of  the  0 -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (H)  with  m.p.  102-103*. 

Found  *7o:  N  6.41,  6.45.  C14H21ON.  Calculated  N  6.40. 
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The  hydrochloride  of  tiie  0-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidoI  melted  at  173-174*  (from 
alcohol  and  acetone)  and  die  picrate  melted  at  174-175*  (from  alcohol). 

By  die  addition  of  80  ml  of  benzine  and  a  seed  of  die  y -isomer,  14.6  g  of  crystals  with  m.p.  107-108* 
were  obtained  from  the  2nd  fraction  (b.p.  111-180“  at  1  mm).  The  introduction  of  a  seed  of  the  B-isomer  into 
die  mother  liquor  gave  17.9  g  of  crystals  with  m.p.  95-98*,  which  melted  at  102-103*  after  recrystallization 
from  benzine  and  did  not  depress  themelting  point  of  the  sample  of  0 -isomer  described  above. 

Tlie  uncrystallizable  oil  was  again  distilled  in  vacuum;  1st  fraction  110-119"  (0.2  mm),  176.6  g;  2nd 
fraction  119-130*  (0.2  mm),  189.1  g;  3rd  fraction  130-140*  (0.2  mm),  39.7  g;  residue  in  flask  130  g. 

By  seeding,  26.4  g  of  die  high  melting  y -isomer  with  m.p.  107-108*  was  isolated  from  the  2nd  fraction 
and  from  die  first  fraction  we  isolated  22.3  g  of  the  0 -isomer  with  m.p.  102*103“  and  18  g  of  the  y -isomer  with 
m.p.  107-108". 

The  uncrystallizable  residues  were  combined  and  again  distilled  in  vacuum.  A  fraction  with  b.p.  116-127* 
(0.2  mm)  was  dissolved  in  benzine  and  saturated  with  hydrogen  chloride  and  the  precipitate  was  recrystallized 
from  alcohol  to  give  26.6  g  of  the  hydrochloride  of  the  y-  isomer  of  l,2,5-trimethyl-4-phenyl-4-piperid0l  (H) 
with  m.p.  233-235*. 

In  all,  we  obtained  from  this  experiment;  494  g  of  the  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol 
with  m.p.  107-108",  46  g  of  the  0-isomer  with  m.p.  102-103"  and  28  g  of  the  a-isomer  with  m.p.  106-107". 

About  450  g  of  material  was  left  as  an  inseparable  mixture  of  isomers  of  l,2,5-trimethyl-4-phenyl-4-piperidol. 

b)  100  g  of  l,2,5-trimethyl-4-piperidone  (b.p.  80-82*  at  5  mm)  was  gradually  added  to  phenylmagnesium 
bromide,  prepared  from  24  g  of  magnesium  and  157  g  of  bromobenzene  in  350  ml  of  absolute  ether,  cooled  to 
0*.  The  reaction  mixture  was  stirred  for  1  hour  at  room  temperature,  and  on  the  following  day  it  was  hydrolyzed 
with  200  ml  of  water.  The  product  was  extracted  with  ether  and  distilled  in  vacuum  on  a  boiling  water  bath. 

Thus  we  obtained  80  g  of  the  original  l,2,5-trimethyl-4-piperidone  and  25  g  of  an  oily  residue,  which  was 
dissolved  in  10%  hydrochloric  acid. 

To  separate  the  neutral  materials,  the  hydrochloric  acid  solution  was  treated  with  three  portions  of 
isooctane  (30  ml)  and  then,  to  separate  the  free  base,  concentrated  ammonia  solution.  The  oil  thus  separated  was 
partially  crystallized  by  adding  isooctane.  We  obtained  3.3  g  of  the  y -isomer  of  1,2, 5-trimethyl-4-phenyl- 
piperidol  (H)  with  m.p.  104-107*.  The  mother  liquor  was  distilled  in  vacuum  to  give  3  g  of  a  viscous  liquid  with 
b.p.  140-145*  (5  mm),which,  after  addition  of  isooctane  and  subsequent  crystallization,  yielded  a  further  1  g  of 
the  y -isomer  of  (II)  with  m.p.  105-107*  and  0.13  g  of  the  0-isomer  of  (H)  with  m.p,  97-100*.  We  also  isolated 
from  the  remaining  mother  liquors  0.05  g  of  the  hydrochloride  of  the  a-isomer  of  (H)  with  m.p.  230-231*. 

All  the  isomers  of  l,2,5-trimethyl-4-phenyl-4-piperidol  isolated  failed  to  depress  the  melting  points  of  the 
corresponding  samples  described  above. 

The  propionate  of  the  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (promedol),  a)  177  g  of  the 
high  melting  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (H)  with  m.p.  107-108*  was  gradually  added  to 
186  g  of  freshly  distilled  propionyl  chloride,  which  was  continuously  stirred  and  cooled  with  cold  water.  The 
piperidol  completely  dissolved  and  the  yellow  solution  was  heated  for  10  hours  at  80*.  At  the  end  of  the  heating, 
50  ml  of  benzfene  was  added  to  the  reaction  mixture.  On  cooling  the  mixture  in  ice  and  salt,  the  contents  of  the 
flask  crystallized.  The  crystals  were  filtered  off  and  washed  on  the  filter  with  small  portions  of  benzene.  After 
recrystallization  from  acetone,  we  obtained  140  g  of  the  hydrochloride  of  y-l,2,5-trimethyl-4-phenyl-4-piperidol 
propionate  (IV),  which  ihelted  at  222-223*. 

Found  %;  C  65.76,  65.80  ;  H  8.01,  8.04;  N  4.31,  4.73;  Cl  11.35,  11.43.  CnHjgOaNCl. 

Calculated  %:  C  65.49  ;  H  8.34;  N  4.48;  Cl  11.40. 

b)  30  g  of  the  hi^  melting  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.  p.  107-108*)  was 
gradually  added  to  38  g  of  propionyl  chloride  and  the  solution  was  allowed  to  stand  for  10  days  at  room  temp¬ 
erature.  The  crystalline  precipitate  was  filtered  off  and  washed  on  the  filter  with  small  portions  of  acetone. 
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Wc  obtained  25.2  g  of  tlie  hydrochloride  of  y -l,2,5-trimethyl-4-phenyl-4-piperidyl  propionate  (IV),  which 
melted, like  tlic  previous  sample,  initially  at  199-200*  and  tlien,atthe  second .'nel ting,  at  221-222*.  On  working 
up  tile  same  cxperimait  after  1  day,  we  obtained  14  g  of  tlie  promedol. 

c)  10  g  of  tlie  y -isomer  of  l,2,5-trimetliyl-4-phenyl-4-piperidol  (m.p.  107-108*),  13  ml  of  propionic 
anhydride  and  10  ml  of  pyridine,  dried  over  calcium  oxide,  were  heated  2  hours  at  160*  and  8  hours  at  180*. 

Excess  propionic  anliydride  and  tlie  pyridine  were  distilled  off  in  vacuum,  the  residue  was  dissolved  in  water  and 
treated  witli  soda  and  the  base  was  isolated  by  an  ctlier  extraction.  After  drying  and  distilling  off  the  ether,  the 
reaction  product  was  distilled  in  vacuum.  We  obtained  11  g  of  the  base  as  a  viscous  liquid  witli  b.p.  115-134* 

(0.5  mm),  which  was  converted  into  the  hydrochloride  by  passing  dry  hydrogen  chloride  through  its  etiier  solution. 
The  precipitate  tlius  obtained  was  boiled  for  half  an  hour  with  30  ml  of  dry  acetone  and  after  cooling  was  filtered 
and  dried.  W  •  obtained  11.5  g  of  the  hydrochloride  of  y -l,2,5-trimethyl-4-phenyl-4-piperidyl  propionate  with 
m.p.  222*. 

Tlie  compound  described  was  subjected  to  a  full  pharmacological  and  clinical  investigation  and  at  the 
present  time  it  is  widely  used  under  the  name  of  "promedol"  as  a  new  anesthetic  with  2-3  times  the  activity  of 
morphine. 

The  picrate  of  y-l,2-,5-trimethyl-4-phenyl-piperidyl  propionate  melted  at  171-172*  (from  alcohol),  the 
iodometiiylate  melted  at  214-214^5*  (from  alcohol),  the  tartrate  melted  at  167-168“  (from  alcohol)  and  the 
chlorobenzylate  softened  in  the  range  158-161*,  then  solidified  and  melted  at  200-202*  (several  recrystallizations 
from  alcohol -ace  tone). 

The  propionate  of  tlie  0 -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (isopromedol).  22  ml  of  freshly 
distilled  propionyl  chloride  was  added  to  a  solution  of  22  g  of  the  8-isomer  of  l,2,5-trimethyl-4-phenyl-4- 
piperidol  (H)  witli  m.p.  102-103*  in  15  ml  of  chloroform.  The  solution  was  allowed  to  stand  overnight  and  next 
day  tlie  precipitate  was  filtered  off,  washed  with  chloroform  and  recrystallized  from  a  mixture  of  acetone  and 
alcohol.  We  obtained  20.5  g  of  the  hydrochloride  of  6-l,2,5-trimethyl-4-phenyl-4-piperidyl  propionate  (IV) 
with  m.p.  182-183*. 

Found  C  65.53,  65.71;  H  7.98,  7.95;  N  4.37,  4.46.  C^HjeOzNCl. 

Calculated  °Jo  :  C  65.49  ;  H  8.34  ;  N  4.48. 

The  compound  described, known  as  "isopromedol",  was  subjected  to  detailed  pharmacological  and 
clinical  investigation  and  proved  to  be  an  extremely  strong  analgesic  with  4-6  times  the  activity  of  morphine 
and  approximately  twice  the  activity  of  promedol  at  the  same  toxicity.  Isopromedol  is  one  of  the  strongest  and 
most  interesting  analgesics  known  at  the  present  time. 

The  propionate  of  the  d-jsomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol.  1.7  g  of  the  a -isomer  of 
l,2,5-trimethyl-4-phenyl-4-piperidol  (H)  was  dissolved  in  10  ml  of  benzene.  2.1  ml  of  propionyl  chloride  was 
added  to  the  solution.  On  the  following  day  the  precipitate  (2.4  g)  was  filtered  off,  washed  several  times  vrilh 
benzene  and  dried.  Recrystallization  of  the  precipitate  from  acetone  yielded  0.7  g  of  a  material  with  m.p.  101- 
108*,  which  according  to  analysis  corresponded  to  the  hydrochloride  of  l,2,5-trimethyl-4-phenyl-4-piperidyl 
propionate. 

Found  <7o:  N  4.41,  4.57.  Ci7Hi602NCl.  Calculated  N  4.48. 

From  the  mother  liquor  we  obtained  0.4  g  of  the  hydrochloride  of  a-l,2,5-trimethyl-4-phenyl-4-piperidyl 
propionate  (IV)  with  m.p. -227-229*. 

Found  %;  N  4.31,  4.32.  CnHzgOjNCl.  Calculated  N  4.48. 
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The  action  of  propionyl  chloride  on  tlie  lithium  alcoholate  of  1,2, 5-txlmetliyl-4 -phenyl -4-plperidol. 

a)  The  lithium  alcoiiolate  was  prepared  as  described  above  from  20.7  g  of  lithium,  280  g  of  bromobenzene 
and  175  g  of  l,2,5-trinictliyl-4-pi|x;ridone  in  400  ml  of  absolute  etlier.  Then  265  g  of  propionyl  chloride, 
dissolved  in  200  ml  of  absolute  ctlier,  was  added  from  a  dropping  funnel  over  two  hours,  while  the  reaction  mix- 
nire  was  vigorously  stirred  and  tlie  flask  was  cooled  in  ice  water.  Stirring  was  continued  at  room  temperature 
for  1  hour  and  then  for  3  liours  at  tlie  boiling  point  of  the  etlier.  500  ml  of  water  was  gradually  added  to  the 
reaction  mixture  witli  vigorous  stirring  and  the  aqueous  layer  was  separated  and  treated  with  soda  until  it  was 
completely  saturated.  The  free  base  was  extracted  with  ether,  dried  witii  sodium  sulfate  and  distilled  in  vacuum. 
We  obtained  225  g  of  a  mixture  of  stereoisomeric  propionates  of  l,2,5-trimetIiyl-4-phenyl-4-piperidol  (IV)  as 
a  viscous,  pale  yellow  liquid. 


B.  p.  139-141*  (2.5  mm),  n^j  1.5182,  d|J  1.0319,  MR  80.78;  calc.  80.50. 

Found '7o:  C  74.52.  74.20  ;  H  9.00,  8.78.  C17H2SO2N.  Calculated  <70 :  C  74.18;  H  9.09. 


There  was  a  lower  boiling  fraction  (b.p.  96-139*  at  2.5  mm)  of  10.2  g.  The  residue  after  distillation 
was  76.5  g. 

A  stream  of  dry  hydrogen  chloride  was  passed  into  a  solution  of  the  225  g  of  propionates  of  1,2,5-tri- 
methyl-4-phenyl-4-piperidol  obtained  in  300  ml  of  dry  ether.  The  precipitate  of  hydrochlorides  was  filtered 
off,  washed  with  ether  on  the  filter  and  quickly  recrystallized  from  anhydrous  alcohol.  (On  storage  in  air,  the 
product  became  noticeably  wet  and  deliquesced).  The  alcohol  solution  was  heated  with  activated  charcoal, 
filtered  and  stood  for  3  hours  in  ice-salt  cooling  mixture.  The  fine  granular  precipitate  of  the  hydrochlorides 
was  filtered  off  and  washed  on  the  filter  with  three  portions  of  anhydrous  alcohol. 

We  obtained  80  g  of  crystals  with  m.p.  189-193*.  After  a  second  recrystallization  from  alcohol,  we 
obtained  65  g  of  hydrochloride,  which  melted  at  198-199“,  but  on  further  heating  solidified  again  and  then 
melted  at  212-216*.  Subsequent  recrystallization  of  this  hydrochloride  gave  a  substance  with  m.p.  222-223*, 
which  was  identical  witfi  promedol. 

b)  The  phenyllithium  was  prepared  from  30  g  of  lithium,  223  g  of  bromobenzene  and  1500  ml  of  ether. 
The  precipitate  of  lithium  bromide  and  unreacted  metallic  lithium  was  filtered  off  from  the  reaction  mixture 
on  a  glass  wool  filter  in  an  atmosphere  of  dry  nitrogen.  Then  180  g  of  l,2,5-trimethyl-4-piperidone  was  added 
to  the  solution  of  phenyllithium  obtained  and  next  day  237  g  of  propionyl  chloride.  The  propionyl  chloride  was 
run  in  at  such  a  rate  that  the  ether  boiled  vigorously  all  the  time.  This  produced  a  voluminous  colorless  pre¬ 
cipitate.  After  adding  all  the  propionyl  chloride,  the  reaction  mixture  was  stirred  vigorously  for  a  further  2  hours 
while  the  ether  boiled.  The  product  was  hydrolyzed  with  water  (250  ml),  the  ether  layer,  containing  the  neutral 
products,  was  separated  and  the  aqueous  layer  was  treated  with  soda  in  tlie  presence  of  ether.  The  base  was  ex¬ 
tracted  with  five  portions  of  ether  of  200  ml  each.  The  ether  solution  was  dried  with  baked  sodium  sulfate,  the 
ether  was  distilled  off  and  the  product  was  distilled  in  vacuum.  We  obtained  253  g  of  a  mixture  of  stereo- 
isomeric  propionates  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (IV)  with  b.p.  136-142*  (3  mm).  The  material 
was  dissolved  in  300  ml  of  dry  benzene,* and  90  g  of  propionyl  chloride  was  gradually  added  to  the  solution.  The 
reaction  mixture  heated  up  considerably  and  became  red.  On  cooling,  crystals  were  gradually  deposited  from  the 
solution.  After  10  hours,  the  crystalline  precipitate  formed  (146  g)  was  filtered  off  and  washed  several  times  on 
the  filter  with  benzene.  After  distillation  of  the  solvent  and  addition  of  soda  solution,  the  mother  liquor  again 
yielded  free  base  (113  g)  with  b.p.  135-140*,  from  which  an  additional  19  g  of  crystalline  hydrochloride  was 
obtained  by  treatment  with  propionyl  chloride  (40  g).  The  combined  hydrochlorides  (165  g)  were  recrystallized 
from  a  mixture  of  acetone  and  alcohol.  We  obtained  151  g  of  the  hydrochloride  of  y  -l,2,5-trimethyl-4-phenyl- 
4-piperidyl  propionate  (promedol)  as  colorless  crystals  with  m.p.  221-222*. 
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Hydrolysis  of  y  - 1 ,2,5-trinicthyl-4-plicnyI-4-pijx;ridyl  propionate  (promedol).  1.5  g  of  the  hydrochloride 
of  y  - 1  ,‘.2,5-tritiu'tliyl-4-phenyl-4-pii)eridyl  propionate  (IV)  witli  m.p.  221-222“  and  20  ml  of  10%  alcoholic 
caustic  [xitash  solution  were  Ixjiled  together  for  3  hours.  The  alcohol  was  distilled  off  under  reduced  pressure 
and  the  piperidol  formed  by  hydrolysis  was  extracted  with  ether.  Tiic  ether  solution  was  dried,  the  ether  distilled 
off  and  tlic  residue  recrystal  lized  from  benzine  to  give  1  g  of  tlie  y  -isomer  of  l,2,5-trimethyl-4-phenyl-4-pip- 
eridol  (11^  witli  m.p.  107-108*. 

Hydrolysis  of  fl-l,2,5-trimctliyl-4-pltenyl-4-piperidyl  propionate  (isopromedol).  For  the  reaction  we 
used  1.1  g  of  tlic  hydrochloride  of  6-l,2,5-tritnethyl-4-phenyl-4-piperidyl  propionate  (IV)  with  m.p.  182  -183* 
and  25  ml  of  10%  alcoholic  caustic  soda  solution.  The  reaction  was  carried  out  as  described  above.  We  obtained 
0.65  g  of  die  6 -isomer  of  l,2,5-triinetiiyl-4-phcnyl-4-pipcridol  (II)  witii  m.p.  102-103*  (from  benzine). 

The  acetate  of  the  y -isomer  of  l,2,5-trimethyl-4-pltenyl-4-piperidol  (III),  a)  10  ml  of  acetyl  chloride 
was  added  to  a  solution  of  10  g  of  the  high  melting  y-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p.  107- 
108*)  in  20  nil  of  benzene.  There  was  considerable  heat  evolved  and  a  precipitate  formed.  After  10  minutes 
the  precipitate  completely  dissolved  and  the  solution  became  pale  yellow.  After  standing  for  10  hours  at  room 
temperature,  the  reaction  mixture  was  heated  for  2  hours  at  80*.  On  cooling,  crystals  separated,  which  were 
filtered  off  and  washed  several  times  with  benzene  on  the  fQter.  We  obtained  6.9  g  of  the  hydrochloride  of  y- 
l,2,5-trimethyl-4-phenyl-4-piperidyl  acetate  (HI),  which  melted  at  223-224*  after  recrystallization  from  a 
mixture  of  acetone  and  alcohol. 

Found  %:  N  4.78,  4.71;  Cl  11.89,  11.96.  Ci6H2402NCl.  Calculated  %:  N  4.71 .  Cl  11.93. 

b)  The  lithium  alcoholate  of  l,2,5-trimethyl-4-piperidol  was  prepared  from  3.63  g  of  metallic  lithium, 

45  g  of  bromobenzene  and  30  g  of  freshly  distilled  l,2,5-trimethyl-4-piperidone  in  200  ml  of  absolute  ether.  The 
next  day  37  g  of  acetyl  chloride  was  added  over  1.5  hours  with  vigorous  stirring  and  cooling.  Then  the  mixture 
was  stirred  at  room  temperature  for  2  hours  and  5  hours  at  the  boiling  point  of  ihe  ether.  The  reaction  produced 
a  voluminous,  crystalline  precipitate,  which  grew  under  the  ether,  was  filtered  off,  washed  twice  on  the  filter 
with  ether  and  dissolved  in  water.  Ether  was  added  to  the  aqueous  solution  and  the  product  was  treated  with  soda 
with  vigorous  shaking. 

The  ether  extract  was  dried  over  baked  sodium  sulfate  And  the  product  was  distilled  in  vacuum  to  give 
32.5  g  of  a  mixture  of  acetates  of  the  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  (HI)  as  a  viscous 
yellow  liquid  with  b.p.  130-132*  (3.5  mm),  np  1.5285. 

Found  %;  C  73.46,  73.60;  H  8.70,  8.59;  N  5.63,  5.48.  CigHzaOzN.  Calculated  %;  C  73.56;  H  8.81 ; 

N  5.37. 

The  acetates  obtained  were  dissolved  in  200  ml  of  absolute  ether  and  dry  hydrogen  chloride  was  passed 
through  the  solution.  This  gave  a  colorless,  crystalline  precipitate  of  hydrochlorides,  which,  on  separating  off 
from  the  ether,  quickly  became  wet  in  air  and  turned  into  an  oil.  The  hydrochlorides  were  dissolved  in  absolute 
alcohol  and  the  alcohol  solution  was  boiled  with  active  charcoal  on  a  boiling  water  bath  for  half  an  hour  under  a 
reflux  condenser  fitted  with  a  calcium  chloride  tube.  After  separation  of  the  charcoal,  the  alcohol  solution  was 
evaporated  to  dr)mess  in  vacuum.  Absolute  ether  was  added  to  the  residue  and  the  mass  was  carefully  ground. 

The  crystalline  precipitate  formed  was  recrystallized  from  absolute  alcohol.  We  obtained  16.1  g  of  the  hydrochl¬ 
oride  of  the  acetate  (III)*  described  above,  as  fine,  granular,  colorless  crystals  with  m.p.  222-223*. 

It  was  not  possible  to  crystallize  anything  else  out  from  the  mother  liquor  remaining  after  the  separation 
of  the  first  portion  of  the  hydrochloride.  Therefore,  the  hydrochloride  was  again  converted  into  the  free  base, 
which  was  distilled  in  vacuum  and  treated  with  hydrogen  chloride  (in  ether).  In  this  way  we  isolated  an  additional 
5.2  g  of  the  hydrochloride  of  the  acetate  (HI)  with  m.p.  221-222*. 

The  picrate  of  y-l,2,5-trimethyl-4-phenyl-4-piperidyl  acetate  melted  at  171.5-172.5*  after  two  recrys¬ 
tallizations  from  absolute  alcohol. 

Found  %;  N  11.53,  11.48.  CjjHjsOjNi.  Calculated  %:  N  11.43. 
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The  butyrate  of  the  y -isomer  of  l,2,5-trlmelhyl-4-phenyl-4-plperidoI  (V).  a)  3. 6  g  of  butyryl  chloride 
(b.p.  100-101*)  was  added  to  a  solution  of  3  g  of  the  y  isomer  of  l,2,5-triraethyl-4-phenyl-4-piperidol  (m.p.  207- 
208*)  in  3.5  ml  of  anhydrous  benzene.  The  dark  solution  was  left  until  the  next  day.  The  precipitate  was  filtered 
off,  washed  witli  benzene  on  the  filter  and  recrystallized  from  acetone.  We  obtained  0.7  g  of  the  hydrochloride 
of  y -l,2,5-trimethyl-4-phenyl-4-piperidyl  butyrate  (V)  with  m-p.  209-210*. 

Found  N  4.38,  4.44.  CnHjjOiNCl  Calculated  <7o:  N  4.30. 

b)  We  reacted  2.7  g  of  lithium,  34  g  of  bromobenzene,  25  g  l,2,5-trimethyl-4-piperidone  and  200  ml 
of  absolute  ether.  22.8  g  of  butyrl  chloride  in  70  ml  of  ether  was  added  to  the  lithium  alcoholate  solution  obtained. 
The  reaction  mixture  was  stirred  for  1  hour  at  room  temperature  and  for  2  hours  at  the  boiling  point  of  the  ether. 
After  working  up  in  the  usual  way  we  obtained  23.9  g  of  the  base  as  an  oily  liquid  with  b.p.  135-137*  (2.5  mm). 

Butyryl  chloride  (8.3  g)  was  added  to  a  solution  of  18.6  g  of  the  base  in  30  ml  of  dry  benzene  and  the 
mixture  was  left  for  two  days.  The  crystalline  precipitate  was  washed  with  benzene  and  acetone  and  recrys¬ 
tallized  from  a  mixture  of  alcohol  and  acetone.  We  obtained  8  g  of  the  hydrochloride  of  y-l,2,5-trimeihyl- 
4-phenyl-4-piperidyl  butyrate  (V)  with  m.p.  207-209*,  which  did  not  depress  the  melting  point  of  the  sample 
described  above. 

The  isobutyrate  of  the  y 'isomer  of  l,2,5-ttimethyl-4-phenyl-4-piperidol  (VI).  To  prepare  the  lithium 
alcoholate  of  1,2,5-trimethyl -4-phenyl-4-piperidol,  we  used  2.2  g  of  metallic  lithium,  30  g  of  bromobenzene, 

21  g  of  l,2,5-uimethyl-4-piperidone  and  200  ml  of  absolute  ether.  On  the  following  day  300  ml  of  ether  was 
added  to  the  lithium  alcoholate  formed,  an(i, over  a  period  of  three  hours,  33  g  of  isobutyryl  chloride  (b.p.  92“) 
was  run  in  with  vigorous  stirring  and  cooling  of  the  flask  in  ice  water.  After  working  up  in  the  usual  way  and 
vacuum  distilling  the  base  isolated,  we  obtained  27  g  of  a  mixture  of  isobutyrates  of  the  stereoisomeric  1,2,5- 
uimethyl -4-phenyl -4-piperidols  (VI)  as  a  viscous  yellow  liquid  with  b.p.  132-136*  (2.5  mm).  A  picrate  was 
prepared  from  this  mixture,  which  melted  at  190-192*  after  recrystallization  from  alcohol. 

Found  ‘7o:  N  11.23,  10.91.  C24H3oO,N4.  Calculated  N  10.81. 

The  hydrochloride  of  l,2,5-trimethyl-4-phenyl-4-piperidyl  isobutyrate  was  prepared  by  passing  dry 
hydrogen  chloride  into  an  ether  solution  of  the  base.  This  precipitated  an  oil,  which  was  converted  into  strongly 
hygroscopic  crystals  by  drying  in  a  desiccator.  Several  recrystallizations  from  acetone  gave  a  hydrochloride  as 
unhygroscopic,  colorless  crystals  with  m.p.  209-210*. 

Found  N  4.60,  4.75.  CijHjgOjNCl.  Calculated  %:  N  4.30. 

The  isovalerate  of  the  y  -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (Vll).  The  isovalerate  (VII) 
was  prepared  by  treating  the  lithium  alcoholate  of  l,2,5-trimethyl-4-phenyl-4-piperidol  with  isovaleryl  chloride. 
For  the  reaction  we  used  2.5  g  of  lithium,  27  g  of  bromobenzene,  19  g  of  1,2,  5-trimethyl-4-piperidone,  250  ml 
of  absolute  ether  and  20  g  of  isovaleryl  chloride. 

The  base  isolated  was  distilled  in  vacuum  to  give  the  following  fractions:  1st  41-45*  (4  mm),  3  g;  2nd 
110-135*(2.5  mm),  3  g;  3rd  135-137*  (2.5  mm),  10  g ;  4th  137-155*  (2.5  mm),  1.5  g ;  residue  27.8  g. 

5  g  of  isovaleryl  chloride  was  added  to  a  solution  of  10  g  of  the  3rd  fraction  in  9  ml  of  dry  benzene.  The 
solution  stood  for  5  days,  after  which  it  was  diluted  with  ether  and  the  precipitate  produced  was  recrystallized 
from  acetone.  We  obtained  2.2  g  of  the  hydrochloride  of  y -l,2,5-trimethyl-4-phenyl-4-piperidyl  isovalerate 
(Vn)  as  colorless  crystals  with  m.p.  213.5-214*. 

Founds*.  N  4.09,  4.17.  CmHjo02NC  1.  Calculated  N  4.12. 
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The  6-metfioxypropionate  of  the  y  isomer  of  l,2,5-trlniethyl-4-phenyl-4-piperidol  (VIII).  5  g  of  the 
•y -isomer  of  l,2,5-trimcthyl-4-pheiiyl-4-piperidol  (ni.p.  107-108"),  10  ml  of  dry  benzene,  10  g  of  6-methoxy- 
propionyl  cliloride  (b.p.  134-13G")  and  0.2  g  of  magnesium  turnings  were  heated  at  80-85*  for  12  hours.  Excess 
6 -modioxypropionyl  chloride  and  the  benzene  were  distilled  off  in  vacuum  and  tlie  residual  oily  mass  was  washed 
with  etlier  and  dissolved  in  water.  The  aqueous  solution  was  treated  with  soda  and  tlie  oily  layer  of  the  free 
base,  which  separated,  was  extracted  witli  etlier,  dried  witli  sodium  sulfate  and,  after  removal  of  the  ether, 
distilled  in  vacuum.  We  obtained  2.6  g  of  l,2,5-trimetliyl-4-phenyl-4-piperidyl  6-methoxypropionate  (VIII ) 
as  an  oily  liquid  witli  b.p.  141-143*  (2  mm). 

The  hydrochloride  of  tlie  0-metIioxypropionate  (VIII)  was  colorless  crystals  with  m.p.  168.5-170*  (after 
duec  recrystallizations  from  absolute  alcohol). 

Found <70;  N  4.18,  4.27.  CigHjgOaNCl,  Calculated  %:  N  4.09 

The  0-ethoxypropionate  of  the  y-isomer  of  l,2,5-trimediyl-4-phenyl-4-piperidol  (IX).  A  mixture  of 
7.2  g  of  die  y-isomer  of  l,2,5-trimediyl-4-phenyl-4-piperidol  (m.  p.  107-108"),  15  ml  of  benzene,  15  ml  of 
0 -ethoxypropionyl  chloride  (b.p.  146-148")  and  0.3  g  of  magnesium  was  heated  at  80-85*  for  8  hours.  The 
reaction  product  was  worked  up  as  in  the  previous  experiment.  By  distillation  of  the  free  base  in  vacuum,  wei 
obtained  3.8  g  of  l,2,5-trimethyl-4-phenyl-4-piperidyl  0-ethoxypropionate  (IX)  as  an  oily  liquid  with  b.p.  158- 
161*  (2.5  mm).  Besides  this  we  obtained  1.8  g  of  a  fraction  with  b.p.  118-124*  (2.5  mm).  The  tarry  residue 
was  1.5  g. 

The  hydrochloride  of  l,2,5-trimethyl-4-phenyl-4-piperidyl  0-ethoxypropionate  was  colorless  crystals 
with  m.p.  152-153"  (from  acetone). 

Found  <7o:  N  4.39,  4.25  ;C1  10.25.  C19H30O3NCI.  Calculated  <7o:  N  3.94 ;  Cl  10.01. 

The  0-propoxypropionate  of  the  y-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (X>  For  the  reaction 
we  used  6  g  of  the  y-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p.  107-108"),  12  ml  of  benzene,  12  ml 
of  0-propoxypropionyl  chloride  (b.p.  73-75"  at  35  mm)  and  0.25  g  of  magnesium  turnings.  The  reaction  was 
carried  out  as  described  above.  We  obtained  3.5  g  of  l,2,5-trimethyl-4-phenyl-4-piperidyl  0 -propoxypropionate 
(X)  as  an  oily  liquid  widi  b.p.  154-158"  (2  mm).  We  also  obtained  2.3  g  of  a  head  fraction  with  b.p.  97-154* 

(2  mm)  and  a  distillation  residue  of  0.8  g. 

The  hydrochloride  of  l,2,5-trimethyl-4-phenyl-4-piperidyl  0-propoxypropionate  was  colorless  crystals 
with  m.p.  173-175°  (from  acetone). 

Found<7o:  N  4.09,  4.24.  C2oH3203NCl.  Calculated ‘7o:  N  3.79 

The  0-butoxypropionate  of  the  y-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XI).  In  the  reaction 
we  used  6.5  g  of  the  y-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p.  107-108"),  13  ml  of  dry  benzene, 

13  ml  of  0-butoxypropionyl  chloride  (b.p.  85-87"  at  35  mm)  and  0.25  g  of  magnesium.  The  reaction  was  carried 
out  as  described  above.  We  obtained  3.6  g  of  l,2,5-trimethyl-4-phenyl- 4-piperidyl  0-butoxypropionate  (XI)  as 
a  thick,  viscous  liquid  with  b.p.  173-176"  (2  mm). 

The  hydrochloride  was  colorless  crystals  with  m.p.  154-155.5*  (from  acetone). 

Found  <7o:  N  4.01,  3.85.  C21H34O3NCI.  Calculated  7o:  N  3.68. 

The  oxalic  ester  of  the  y-isomer  of  l,2,5-trimethyl-4-  phenyl -4-piperidol  (XII).  The  esters  of  dibasic 
acids  were  prepared  by  the  method  used  for  the  synthesis  of  esters  of  monobasic  acids  with  the  lithium  alcoholate 
of  1,2, 5-trimethyl -4-phenyl -4-piperidol. 

In  the  reaction  we  used  1.1  g  of  metallic  lithium,  15  g  of  bromobenzene,  10  g  of  l,2,5-trimethyl-4- 
piperidone  and  5  g  of  oxalyl  chloride  (b.p.  62-64").  At  the  end  of  the  reaction,  the  mixture  was  treated  with 
1570  hydrochloric  acid  until  acid  to  litmus,and  then  with  water  until  all  the  reaction  mixture  dissolved. 
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The  aqueous  layer  was  separated  from  the  ether  layer,  which  contained  the  neutral  substances,  and  treated  with 
soda  in  die  presence  of  etiier.  Hydrogen  chloride  was  passed  into  the  ether  extract  of  the  basic  products  after  it 
liad  first  been  dried  with  baked  sodium  sulfate.  We  obtained  4. 1  g  of  the  hydrochloride  of  l,2,5-trimethyl-4- 
phenyl-4-piperidyl  oxalate  (XII),  which,  after  boiling  with  activated  charcoal  in  absolute  alcohol  and  subsequent 
precipitation  witli  ether,  was  a  colorless,  strongly  hygroscopic  material,  which  deliquesced  in  air. 

Found*’/.:  Cl  12.18,  12.58.  C3oH4204NjCli.  Calculated"/,:  Cl  12.57. 

The  succinic  ester  of  the  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XIII).  In  the  reaction  we 
used  1.1  g  of  metallic  lithium,  14.8  g  of  bromobenzene,  10  g  of  l,2,5-trimethyl-4-piperldone  and  6.1  g  of 
succinyl  chloride  (b.p.  70-71*  at  8.5  mm).  The  reaction  was  carried  out  as  iadie  previous  experiment. 

The  hydrochloride  of  the  succinyl  ester  (XIII)  was  prepared  by  passing  hydrogen  chloride  through  an  ether 
solution  of  the  base  and  was  purified  by  boiling  with  active  charcoal  in  absolute  alcohol  and  subsequent  precip¬ 
itation  of  the  hydrochloride  from  the  alcohol  solution  with  absolute  ether. 

In  this  way  we  obtained  8.2  g  of  the  pure  hydrochloride  of  l,2,5-trimethyl-4-phenyl-4-piperidyl  succinate 
(Xin),  which  was  colorless  crystals,  which  became  damp  in  air  but  to  a  noticeably  lesser  extent  than  the 
corresponding  hydrochloride  of  the  oxalic  ester.  On  melting  in  a  sealed  capillary,  it  began  to  soften  at  52* 
and  at  58*  the  whole  mass  foamed  up. 

Found  <7o:  N  5.23,  5.05.  C32H4604N2C Ij.  Calculated  *70:  N  4.72. 

The  adipic  ester  of  the  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XIV).  In  die  reaction  we  used 
1.25  g  of  lithium,  17  g  of  bromobenzene,  10  g  of  l,2,5-trimethyl-4-piperidone  and  6  g  of  adipyl  chloride  (b.p. 
123*  at  14  mm).  The  reaction  and  the  working  up  of  the  products  were  canied  out  as  described  for  the  previous 
experiments. 

On  passing  hydrogen  chloride  into  an  ether  solution  of  the  free  base,  a  voluminous,  colorless  crystalline 
precipitate  was  formed,  which,  however,  quickly  deliquesced  in  air.  The  hydrochloride  was  precipitated  in  two 
ways.  After  passing  hydrogen  chloride  for  a  short  time,  we  obtained  13.5  g  of  a  hydrochloride,  which,  after 
working  up  as  described  in  the  previous  experiments,  gave  colorless  crystals  melting  at  76*  with  vigorous  foaming. 
It  was  considerably  more  stable  in  air  than  die  hydrochloride  of  the  oxalic  ester  and  became  noticeably  moist 
only  after  several  hours. 

Found  %:  N  4.38,  4.36;  Cl  11.05,  11.26.  C34H5o04N2at .  Calculated  <7o:  N  4.50;  a  11.43. 

After  separating  the  first  portion  of  hydrochloride,  the  residual  ether  solution  was  again  treated  with  dry 
hydrogen  chloride.  This  gave  12.7  g  of  hydrochloride  with  m.p.  81-83*  (frothing),  which,  as  indicated  by  analysis, 
was  largely  the  half  ester  of  adipic  acid  and  l,2,5-trimethyl-4-phenyl-4-piperidol. 

Found  <7o:  Cl  9.81,  9.73.  C2oH3o04NCl  Calculated  *70:  0  9.26. 

SUMMARY 

The  preparation  of  esters  of  stereoisomeric  l,2,5-trimethyl-4-piperidols  with  various  aliphatic  acids  is 
described.  Some  of  these  esters,  especially  the  propionates,  have  extremely  high  anesthetic  activity  and  are 
some  of  the  strongest  analgesics  now  known. 

We  describe  the  synthesis  of  promedol  and  isopromedol  which  are  most  interesting  analgesics,  outstanding 
in  anesthetic  activity  and  relatively  low  toxicity. 
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HETEROCYCLIC  COMPOUNDS 
40..  SYNTHETIC  ANESTHETICS 

V.  ESTERS  OF  1.2,5-TRIMETHYL-4-PHENYL-4-PIPERIDOL  WITH  AROMATIC  ACIDS 
I.  N.  Nazarov,  N.  S.  Prostakov,  N.  N.  Mikheeva  and  O.  A,  Shavrygina 


The  previous  report  [1]  described  the  esterification  of  stereoisomeric  l,2,5-trimethyl-4-phenyl-4- 
piperidols  with  various  aliphatic  acids  and  it  was  shown  that  some  of  the  esters,  especially  the  propionates 
obtained,  possess  exceptionally  high  anesthetic  (analgesic)  activity,  exceeding  that  of  morphine  by  several 
times  (promedol,  isopromedol).  It  seemed  interesting  to  carry  out  the  esterification  of  l,2,5-trimethyl-4- 
phenyl-4-piperidol  also  with  various  aromatic  acids  to  test  their  physiological  activity,as  it  is  known  that  the 
esters  of  amino  alcohols  with  aromatic  acids  have  an  anesthetic  effect  (cocaine,  novocaine). 

The  esterification  of  the  high  melting  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p.  107- 
108“)  was  carried  out  with  acid  halides  in  benzene  at  a  temperature  of  60-75“  for  3-8  hours,  to  obtain  the 
hydrochlorides  of  the  corresponding  esters  in  yields  of  up  to  80%  Some  esters  were  also  prepared  by  the  action 
of  the  acid  chloride  on  the  lithium  alcoholate  of  l,2,5-trimethyl-4-phenyl-4-piperidol,  which  was  formed  by 
treating  l,2,5-trimethyl-4-piperidone  with  phenyllithium. 


o 

II 

CeH.  OH(Li) 

\/ 

CeHr,  OCOR 

\/ 

A 

C.H,Li  I 

RCOCl 

"  V-CHa 

1 

CHa 

1 

1  HCI 

CH3 

CH3 

By  this  method  tlie  esters  of  the  more  accessible  high  melting  y -isomer  of  l,2,5-trimethyl-4-phenyl- 
4-piperidol  (m.p.  107-108*)  with  the  following  acids  were  obtained:  benzoic  (I),  p-methylbenzoic  (11),  p- 
chlorobenzoic  (HI),  p-bromobenzoic  (IV),  o-methoxybenzbic  (V),  p-methoxybenzoic  (VI),  p-nitrobenzoic  (VO), 
p-aminobenzoic  (Vni),  phenylacetic  (IX),  cinnamic  (X),  hydrocinnamic  (XI),  cyclohexylcarboxylic  (XII), 
phenoxyacetic  (Xni),  p-methylphenoxyacetic  (XIV),  o-mediylphenoxyacetic  (XV),  o-methoxyphenoxyacetic 
(XVI),  p-chlorophenoxyacetic  (XVII),  o-chlorophenoxyacetic  (XVni),  o,p-dichlorophenoxyacetic  (XIX), 
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p-broiiiopliciioxyacotic  (XX),  as  well  as  tlie  pliciioxyacctate  (Xni)  of  the  second  stereoisomeric  1,2,5-trimctfiyl 
4-plienyl-4-^-)i|x;rklol  (in.p.  102-103").  The  ester  of  hydroquinonediacetic  acid  (XXI)  was  synthesized  an  an 
example  of  an  ester  of  l.2,5-nimetliyl-4-plienyl-4-piperidol  and  a  dibasic  acid. 


C,iHr,  OCOCH.O— 
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The  yield  of  tlic  esters  described  decreased  considerably  when  tliey  were  isolated  by  distilling  the  free 
base  of  tire  ester  in  vacutim.as  in  this  case  partial  cleavage  of  the  ester  occurred  with  the  formation  of  the  acid 
and  die  dehydration  product  of  the  alcohol : 
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According  to  pharmacological  tests,  the  benzoate  (I),  phenylacetate  (IX),  chinamic  ester  (X), 
hydrocinnamic  ester  (XI)  and  phenoxyacetate  (XIII)  of  l,2,5-trimethyl-4-phenyl-4-piperidol  have  very  weak 
anesthetic  (analgesic)  activity,  but  they  manifest  a  sttong  anesthetic  effect  many  times  greater  than  the  effect  of 
novocaine.  These  compounds,although  close  in  activity  to  dicaine,  are  considerably  less  toxic.  Of  these  esters, 
the  phenoxyacetate  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (Xni)  is  particularly  interesting  as  it  has  a  very 
high  anesthetic  activity  and  does  not  cause  irritation  of  die  mucous  and  cornea  membranes,  as  is  observed  when 
the  benzoate  (I)  and  phenylacetate  (IX)  of  this  piperidol  are  applied.  These  negative  characteristics  are 
particularly  strong  in  esters  of  cinnamic  and  hydrocinnamic  acids  (X)  and  (XI). 

Thus,  die  introduction  of  aromatic  radicals  into  the  acyl  radical  of  esters  of  l,2,5-trimethyl-4-phenyl- 
4-piperidol  considerably  changes  the  character  of  the  physiological  effect  of  these  preparations,  and  analgesic 
materials  are  changed  into  anesthetic  ones.  The  results  of  the  pharmacological  tests  of  the  preparations 
synthesized  by  us  will  be  described  in  more  detail  in  a  special  report. 

EXPERIMENTAL 

In  all  the  esterifications  we  used  the  high  melting  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol 
widi  m.p.  107-108",  the  preparation  of  which  was  described  previously  [2].  The  phenoxyacetate  of  the  8 -isomer 
of  l,2,5-trimethyl-4-phenyl-4-piperldol  with  m.p,  102-103*  was  also  prepared. 

The  benzoate  of  l,2,5-trlmediyl-4-phenyl-4-piperidol  (I).  a)  5g  of  l,2,5-ttlttiethyl-4-phenyl-4- 
piperidol  and  7  ml  of  benzoyl  chloride  In  20  ml  of  benzene  was  heated  for  5  hours  at  the  boiling  point  of  the 
benzene.  The  precipitate  formed  was  filtered  off,  washed  several  times  with  benzene  and  dried  in  a  desiccator. 
VVe  obtained  5.1  g  of  tlie  hydrochloride  of  l,2,5-trimetliyl-4-phenyl-4-pIperidyl  benzoate  (I),  which  melted  at 
172-173*  after  recrystallization  from  acetone. 
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Found  "/o:  N  3.72,  3.74,  3.86;  Cl  9.6 1.  Cj|H2*02NCl.  Calculated  % :  N  3,89;  Cl  9.87. 


tlio  litiiuin  alc.ilu'latc  of  l,2,r»-trifiictliyl-4-pliciiyl-4-pipcridol*was  prepared  fruin  3.5  g  of  metallic  li^iunv 
48  g  of  Liomobeiizeiie  and  30. g  of  freslily  distilled  l,2,5-trlmetliyl-4-piperidone  in  150  ml  of  absolute  ether.  40  g  of 
of  freshly  distilled  benzoyl  cliloride  was  added  with  vigorous  stirring  over  a  period  of  2.5  hours  to  the  lithium 
alcoholate  obtained.  The  following  day  the  reaction  mixture  was  heated  With  vigorous  stirring  at  frie  boiling 
point  of  the  etlier  for  5  hours  and  then  treated  with  water  (40  ml)  while  it  was  cooled  and  carefully  acidified 
to  Congo  red  with  15<7o  hydrochloric  acid.  The  aqueous  layer  was  partially  evaporated  in  vacuum,  when  a  heavy 
oil  separated  out  and  this  soon  crystallized.  The  hydrochloride  of  l,2,5-trimethyl-4-phenyl-4-piperidyl  ben¬ 
zoate  (I)  formed  (43  g)  was  filtered  off  and  recrystallized  from  absolute  alcohol.  The  colorless' crystals  of  die 
hydrochloride,  which  were  difficultly  soluble  in  water,  melted  at  172-173*  and  did  not  depress  the  ijielting  point 
of  the  previous  sample. 

Tlie  residual  aqueous  layer  from  the  separation  of  die  hydrochloride  was  ueated  with  soda  and  extracted 
witli  etlicr  and  the  extract  was  distilled  in  vacuum  to  give  two  fractions;  Ist-b.p.  127-141  at  2.5  mm,  1.3  g; 

2nd-b.p.  141-165*  at  2.5  mm,  14.4  g.  There  was  15  g  of  tarry  residue  after  the  distillation.  From  the  1st 
fraction  we  isolated  1  g  of  thehigh  melting  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  with  m.p.  106- 
107*,  which  did  not  depress  tlie  melting  point  of  an  authentic  sample;  the  2nd  fraction  was  a  mixture  of  1,2,5- 
trimethyl-4-phenyl-4-piperidol  and  its  benzoate  ;  picrates  were  isolated  from  it  corresponding  to  the  piperidol 
and  tlie  ester.  Treatment  of  the  benzoate  hydrochloride  in  aqueous  alcohol  with  ammonia  gave  the  free  base 
of  l,2,5-trimetIiyl-4-phenyl-4-piperidyl  benzoate  (I)  as  colorless  crystals  with  m.p.  111.5-112*  (after  2  recrys¬ 
tallizations  from  benzene). 

Found  %:  N  4.53.  C21H2SO2N.  Calculated  '’jo:  N  4.33. 

Hydrolysis  of  l,2,5-trimetliyl-4-phenyl-4-piperidyl  benzoate  with  10%  alcoholic  caustic  potash  gave 
the  high  melting  isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  with  m.p.  lOT. 

The  hydrobromide  of  1,2,5-trimethyl -4-phenyl-4-piperidyl  benzoate  melted  at  197-198“  (from  alcohol). 

The  picrate  of  l,2,5-trimethyl-4-phcnyl-4-piperidyl  benzoate,  prepared  from  the  free  base,  melted  at  221-221.5* 
after  recrystallization  from  a  large  volume  of  alcohol. 

The  p-methylbenzoate  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (H).  A  mixture  of  8.5  g  of  1,2,5-trimethyl- 
4-phenyl-4-piperidol,  8.5  ml  of  benzene,  0.2  g  of  magnesium  and  12.3  g  of  p-methylbenzoyl  chloride  (b.p.  90- 
92*  at  8  mm)  was  heated  at  70-75*.  After  4  hours  heating.crystals  began  to  be  deposited  from  the  solution  and 
after  7  hours,  crystals  were  deposited  through  tlie  whole  volume.  The  precipitate  was  filtered  off,  carefully 
washed  with  benzene  and  twice  recrystallized  from  acetone.  We  obtained  5.0  g  of  the  hydrochloride  of  1,2,5- 
trimethyl-4-phenyl-4-piperidyl  p-methylbenzoate  (H)  as  colorless  crystals  with  m.p.  224-225.5*. 

Found  %:  N  3.84,  3.80.  C:22H2402NC1.  Calculated  %:  N  3,79. 

The  p-chlorobenzoate  of  l,2,5-uimethyl-4-phenyl-4-piperidol  (HI).  After  heating  a  mixture  of  19.4  g 
of  l,2,5-trimethyl-4-phenyl-4-piperidol,  25  ml  of  benzene,  43  g  of  p-chlorobenzoyl  chloride  (b.p.  104*  at  11.5 
mm)  and  0.35  g  of  magnesium  at  70-80*  for  7  hours,  we  obtained  20  g  of  a  crystalline  precipitate,  which  was 
recrystallized  from  acetone  to  give  the  hydrochloride  of  (III)  with  m.p.  214-215*.  The  yield  was  10.4  g. 

Found  %:  N  3.72,  3.93.  C21H2SO2NCI2.  Calculated  %:  N  3.56. 

The  free  base  (III)  was  colorless  crystals  with  m.p.  117.5-118.5  (from  benzine). 

Found  %;  N  4.13,  3.91.  C2iH2402NCl.  Calculated  %;  N  3.91. 

The  p-bromobenzoate  of  1,2,5  -trimethyl-4-phenyl-4-piperidol  (IV).  Li  the  reaction  we  used  11.5  g  of 
l,2,5-trimethyl-4-phenyl-4-piperidol,  22.7  g  of  p-bromobenzoyl  chloride  (b.p,  105-107*  at  6  mm),  11.5  ml  of 
benzene  and  0.2  g  of  magnesium.  The  mixture  was  heated  at  70-75*  for  3  hours,  after  which  it  was  left  till  the 
following  day.  The  precipitate  was  filtered  off  and  twice  recrystallized  from  acetone.  We  obtained  9.9  g  of 
die  hydrochloride  of  (IV)  witii  m.p.  213-215*. 


•  The  preparation  of  the  litliium  alcoholate  of  the  piperidol  was  described  in  tlie  previous  report. 
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Found  <70:  N  3.21,  3.26.  CjiHjPjBrCL  Calculated  <7o:  N  3.30. 


The  o-methoxybenzoate  of  l,2,5-trlmethyl-4-phenyl’4-piperldol  (V).  In  the  reaction  we  used  10  g  of 


The  plienylacctate  of  l,2,5-trtmetliyl-4-phenyl-4-piperidol  (IX).  A  solution  of  9  g  of  1,2, 5-trimethyl - 
4-phenyl -4-pipcridol  and  10  nil  of  phcnylacetyl  chloride  (b.p.  105*  at  22  mm)  in  16  ml  of  dry  benzene  was 
boiled  for  6  hours  in  the  presence  of  0.3  g  of  metallic  magnesium.  The  benzene  and  the  excess  phenylacetyl 
chloride  were  distilled  in  vacuum  and  the  dark  oil  left  in  the  flask  was  washed  three  times  with  ether  and  then 
dissolved  in  50  ml  of  water.  The  aqueous  solution  was  treated  witli  soda  in  the  presence  of  ether.  The  ether 
extract  of  the  free  base  was  separated  and  dried  witii  baked  sodium  sulfate  .  After  distilling  off  the  ether,  the 
reaction  product  was  distilled  in  vacuum.  Fractions  were  obtained:  Ist-b.p.  148-163“  at  2  mm,  3.5  g;  2nd- 
b.p.  163-176*  at  2mm,  2.8  g.  There  was  a  residue  of  1.5  g  after  the  distillation.  Passing  dry  hydrogen  chloride 
into  an  ether  solution  of  the  2nd  fraction  gave  2,7  g  of  the  hydrochloride  of  (IX)  as  colorless  crystals,  which 
melted  at  204-206"  after  recrystallization  from  anhydrous  alcohol. 

Found  7o:  N  4.14,  4.16.  CjzHzgOzNCl.  Calculated  N  3.75. 

The  cinnamic  ester  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (X).  A  mixture  of  11  g  of  1,2,5-trimethyl- 
4-phenyl-4-piperidol,  21  g  of  cinnamyl  chloride  (b.p.  250-253*),  0.4  g  of  magnesium  and  20  ml  of  benzene 
was  boiled  gently  and  stirred  for  5  hours.  The  benzene  and  excess  acid  chloride  were  washed  out  with  several 
portions  of  ether.  The  crystalline  residue,  which  was  difficultly  soluble  in  water,  was  treated  with  a  saturated 
solution  of  soda  in  tlie  presence  of  ether.  Dry  hydrogen  chloride  was  passed  through  the  ether  solution  of  the 
base,  after  it  had  been  dried  with  sodium  sulfate.  We  obtained  18  g  of  the  hydrochloride  of  (X),  which  melted 
at  222-224*  after  recrystallization  from  acetone. 

Found  <7o:  N  3.86,  3.86.  CzaHzgOjNQ.  Calculated  N  3.61. 

The  hydrocinnamic  ester  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XI);  5.5  g  of  the  hydrochloride  of 
(X)(rh.p.  222-224*)  dissolved  in  100  ml  of  alcohol,  was  hydrogenated  over  a  Raney  nickel  catalyst.  It  took  up 
330  ml  of  hydrogen.  After  separating  off  from  the  catalyst,  distilling  off  the  solvent  and  recrystallizing  from 
acetone,  we  obtained  5  g  of  the  hydrochloride  of  (XI)  as  colorless  crystals  with  m.p.  212-214". 

Found  %:  N  3.44,  3.72,  CjgHgoOgNCL.  Calculated  N  3.61. 

The  cyclohexanecarboxylic  ester  of  l,2,5-trimetltyl-4-phenyl-4-piperidol  (XII).  In  the  reaction  we  used 
13.8  g  of  l,2,5-trimethyl-4-phenyl-4-piperidol,  18.5  g  of  cyclohexanecarboxylic  acid  chloride  (b.p.  179-184*), 

14  ml  of  benzene  and  0.2  g  of  magnesium.  The  reaction  mixture  was  heated  for  10  hours  at  70-75*.  The  benzene 

was  distilled  off  from  the  dark  red  liquid  in  vacuum.  The  residue  was  washed  with  three  portions  of  ether  (15  ml 

each)  and  dissolved  in  2D  ml  of  acetone,  to  which  was  added  15  ml  of  absolute  ether.  After  4  days  there  were 
deposited  crystals  of  the  hydrochloride  of  the  ester  of  cyclohexanecarboxylic  acid  and  l,2,5-trimethyl-4-phenyl- 
4-piperidol,  which  melted  at  99.5-102*.  The  yield  was  0.5  g. 

Found  %:  N  3.96,  3.96.  C21H32O2NCI.  Calculated  N  3.83. 

The  phenoxyacetate  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XIII).  a)  0.4  g  of  magnesium  was  added 
to  29.2  g  of  the  high  melting  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p.  107-108*),  dissolved  in 
30  ml  of  benzene,  and  45.5  g  of  phenoXyacetyl  chloride  (b.p.  120*  at  10  mm)  was  gradually  run  in.  The  reaction 
mixture  was  heated  at  60-65*  for  8  hours.  After  2  hours  heating, crystals  began  to  be  deposited  from  the  solution. 
The  precipitate  was  filtered  off  and  washed  with  70  ml  of  benzene  on  the  filter.  We  obtained  38.9  g  of  crystals 
with  m.p.  175.5-178*,  from  which  we  isolated  24  g  of  the  pure  hydrochloride  of  (  Xni)  with  m.p.  191-192*,  after 
two  recrystallizations  from  acetone. 

Found  %:  N  3.75,  3.39,  3.64.  C22H2g03NCl.  Calculated  N  3.59 

This  compound  was  prepared  in  exactly  the  same  way,  but  without  the  addition  of  magnesium.  From 
10  g  of  l,2,5-trimethyl-4-phenyl-4-piperidol  and  15.6  g  of  phenoxyacetyl  chloride  we  obtained  8.3  g  of  the 
hydrochloride  of  (XIII)  with  m.p.  190-192*. 
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b)  A  mixture  compitsed  of  6.5  g  of  die  3-isomer  of  l,2,5-trimetiiyl-4-plienyl-4-piperidol  (m.p.  102- 
103*),  8.1  g  of  phenoxyacctyl  chloride,  0.1  g  of  magnesium  and  5  ml  of  benzene  was  heated  for  10  hours  at 
60-75*.  The  benzene  was  evaporated  off  in  vacuum  and  by  die  usual  method  the  residue  yielded  the  free  base, 
which  was  again  treated  with  3.6  g  of  phenoxyacetyl  chloride  in  5  ml  of  benzene.  After  distilling  off  the  ben¬ 
zene  and  recrystallizing  the  residue  from  acetone,  we  obtained  2.5  g  of  crystals  with  m.p.  163-168.5*.  After 
lieating  widi  activated  charcoal  and  a  further  lecrysiallization,  die  liydrochloride  of  l,2,5-trimediyl-4-phenyl- 
4-piperidyl  plienoxyacctate  melted  at  162-166". 

Found  o/o;  N  3.30.  3.40.  CjjHjgOjNCl.  Calculated  N  3.59. 

Tlie  p-mcdiylphcnoxyacetate  of  l,2,5-trimethyl-4-phcnyl-4-piperidor(XIV).  a)  A  mixture  of  20  g  of 
l,2,5-irimcthyl-4-plicnyl-4-pipcridol,  33.8  g  of  p-methylphenoxyacetyl  (b.p.  115-118"  at  9  mm),  0.2  g 
of  magnesium  and  20  ml  of  benzene  was  heated  at  60-00'*  for  8.5  liouis.  I'he  crystalline  precipitate  (21.2  g) 
was  twice  rccrystallized  from  acetone.  We  obtained  10.8  g  of  die  hydrochloride  of  (XIV)  with  m.p.  190-191*. 

Found  N  3.26,  3.62.  CjaFlgoOgNCl.  Calculated  <70;  N  3.47. 

b)  17.5  g  of  l,2,5-trimethyl-4-pIienyl-4-piperidol,  29.4  g  of  p-methylphenoxyacetyl  chloride,  0.2  g 
of  magnesium  and  17  ml  of  benzene  were  heated  at  90-95"  for  10  hours.  The  benzene  was  distilled  off  in 
vacuum  and  die  residue  was  dissolved  in  20  ml  of  water.  The  aqueous  solution  was  twice  washed  with  ether  and 
then  treated  widi  soda.  The  free  base  liberated  was  extracted  with  ether  and  distilled  in  vacuum.  Fractions  were 
obtained:  Ist-b.p.  95-155*  at  2.5  mm,  5.1  g;  2nd-b.p.  155-164*  at  2.5  mm,  1.35  g;  3rd  —  b.p.  165-;167*  at  2mm, 

10.5  g;  residue  (tar)-6.3  g.  From  tlie  3rd  fraction  we  obtained  a  hydrochloride  by  passing  hydrogen  chloride  into 
an  etiier  solution  of  tlie  base.  The  hydrochloride  was  deposited  as  an  oil,  which  could  not  be  crystallized.  1,2,5- 
trimethyl-4-phenyl-4-piperidyl  p-methylphenoxyacetate  was  isolated  from  the  3rd  fraction  as  the  picrate,  which 
melted  at  184-186*  after  tliree  recrystallizations  from  alcohol. 

Found  <70:  N  9.68,  9.72.  C29H320ioN4.  Calculated  N  9.38. 

From  tlie  ether  solution  left  after  tlie  separation  of  tlie  hydrocliloridc,  we  isolated  free  p-methylphenox- 
yacetic  acid  witli  m.p.  136-137*. 

From  the  1st  fraction  (after  distilling  it  a  second  time  in  vacuum)  we  obtained  a  picrate  with  m.p.  125- 
126",  whicli  was  identical  with  die  picrate  (m.p.  125-126")  of  the  dehydration  product  of  the  y -isomer  of  1,2,5- 
trimethyl-4-phenyl-4-pipcridol,  prepared  by  die  direct  deliydration  of  this  piperidol  with  70%  sulfuric  acid. 

The  o-methylphcnoxyacetate  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XV).  10  g  of  l,2,5-trimethyl-4- 
phenyl-4-pipcridol,  17.8  g  of  o-meAylphenoxyacctyl  chloride  (b.p.  112-113*  at  7  mm),  0.1  g  of  magnesium  and 
10  ml  of  benzene  were  heated  for  2  hours  and  the  reaction  mixture  was  left  overnight.  The  precipitate  (13.5  g), 
after  washing  with  benzene  and  drying,  melted  at  172-185*.  After  two  recrystallizations  from  acetone,  we 
obtained  die  hydrochloride  of  (XV)  with  m.p.  194.5-196*. 

Found  <7o;  N  3.78,  3.51.  CjjHjoOaNCl.  Calculated  %:  N  3.47. 

The  o-methoxyphenoxyacetateof  l,2,5-trimethyl-4-phenyl-4-piperidol  (XVI).  We  used  7.7  g  of  1,2,5- 
trimethyl-4-phenyl-4-pipcridol,  14  g  of  o-methoxyphenoxyacetyl  chloride  (b.p,  138-150*  at  9  mm),  7  ml  of 
benzene  and  0.1  g  of  magnesium.  The  reaction  was  carried  out  as  in  the  experiment  above.  We  obtained  10  g 
of  a  crystalline  precipitate  with  m.p.  185.5-188".  After  three  recrystallizations  from  acetone  we  obtained  6.4  g 
of  the  hydrochloride  of  (XVI)  with  m.p.  199-200.5". 

Founder  N  3.57,  3.67  ;  Cl  8.48,  8.36.  C23H3o04NCL  Calculated  %:  N3.34;  Cl  8.26. 

The  p-chlorophenoxyacetate  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XVII).  In  the  reaction  we  used 

15.5  g  of  l,2,5-trimethyl-4-phenyl-4-pipcridol,  29  g  of  p-chlorophenoxyacetyl  chloride  (b.p.  124-126*  at  9  mm), 
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15  ml  of  benzene  and  0.15  g  of  magnesium.  The  mixture  was  heated  for  8  hours  at  60-65*.  We  obtained  21.8 
g  of  a  preeipitatc  with  m.p.  178-184%  from  whieh  we  obtained  15.7  g  of  tiie  hydrochloride  of  (XVII)  with  m.p. 
184.5-186*.  after  two  rccrystallizations  from  acetone. 

Found  <70;  N  3.22.  3.31;  Cl  8.50,  8.78.  CjzHjTOsNa,.  Calculated  <7o:  N3.38;  Cl  8.50. 

In  an  experiment  wliere  tlic  1,2,5-trimethyl -4-phenyl -4-piperidyl  p-chlorophenoxyacetate  was  Isolated 
by  vacuum  distillation  of  tlie  free  base,  besides  tlie  ester  (XVII),  we  obtained  the  dehydration  product  of  the 
y -isomer  of  l,2,5-trimetliyl-4-phenyl-4-piperidol  and  also  p-clilorophenoxyacetic  acid  witli  m.p,  150-152?*. 

The  o-ehloroplienoxyacetate  of  l,2,5-trimetliyl-4-phenyl-4-piperidol  (XVIO).  In  the  reaction  we  used 
11.8  g  of  l,2,5-trimethyl-4-phenyl-4-pipeiidol  (m.p.  107-108*),  21.8  g  of  o-chlorophenoxyacetyl  chloride 
(b.p.  135-137*  at  12  mm),  12  ml  of  benzene  and  0.1  g  of  magnesium.  Heating  was  continued  for  7  hours  at 
60-65*.  Wc  obtained  14  g  of  a  precipitate  witJi  m.p.  190-192.5*.  After  two  recrystallizations  from  acetone,  we 
obtained  12.7  g  of  the  hydrochloride  of  (XVIII)  with  m.p.  195,5-197.5*. 

Found  <^o\  N  3.40,  3,65.  C22H2703NC12.  Calculated  <7o:  N  3.38. 

The  o,p-dichlorophenoxyacetate  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (XIX).  To  a  solution  of  6.3  g 
of  l,2,5-trimethyl-4-phenyl-4-piperidol  in  7  ml  of  benzene  was  added  0.05  g  of  magnesium  and  13.7  g  of  o,p- 
dichlorophenoxyacetyl  chloride  (b.p.  141-148“  at  7  mm).  The  addition  of  the  acid  chloride  was  accompanied  by 
a  considerable  evolution  of  heat.  Heating  was  continued  for  8  hours  at  60-63*.  We  obtained  9.2  g  of  crystals 
vritli  m.p.  193-196*.  After  two  recrystallizations  from  acetone,  we  obtained  4.4  g  of  the  hydrochloride  of  (XIX) 
with  m.p.  202-203*. 

Found  N  3.12,  3.04.  C22H26O3NCI5  Calculated  %:  N  3.05. 

The  p-bromophenoxyacetate  of  l,2,5-trimetliyl-4-phenyl-4-piperidol  (XX).  In  the  reaction  we  used  6  g 
of  l,2,5-trimethyl-4-phenyl-4-piperidol,  14  g  of  p-bromophenoxyacetyl  chloride  (b.p.  141-145*  at  10  mm), 

10  ml  of  benzene  and  0.05  g  of  magnesium.  The  mixture  was  heated  for  6  hours  at  60-65*.  We  obtained  4.3  g 
of  a  precipitate  with  m.p.  185-192*,  from  which  we  obtained  2.7  g  of  the  hydrochloride  of  (XX)  with  m.p.  194- 
195.5“,  after  two  recrystallizations  from  acetone. 

Found  %:  N  2.96,  3.07.  C22H2703NBrQ.  Calculated  ’’]o\  N  3.05. 

The  ester  of  l,2,5-trimethyl-4-phenyl-4-piperidol  and  hydroquinonediacetic  acid  (XXI).  A  mixture  of 
16.6  g  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p,  107-108*),  10  g  of  the  acid  chloride  of  hydroquinonediacetic 
acid  (m.p.  76-78“),  0.15  g  of  magnesium  and  30  ml  of  benzene  was  heated  for  8  hours  at  60-70*.  A  very  thick , 
dark  red  mass  was  formed,  which,  after  distilling  off  the  benzene,  dissolving  in  water  (50  ml)  and  treating  with 
a  dilute  aqueous  solution  of  ammonia,  yielded  the  free  base  of  the  ester  of  l,2,5-trimethyl-4-phenyl-4-pip- 
eridol  and  hydroquinonediacetic  acid  as  colorless  crystals  with  m.p.  148-150*  (from benzine).  The  yield  was 

6.2  g. 


Found  N  4,47,  4.77.  C38H4g06N2.  Calculated  N  4.46. 

The  hydrochloride  of  the  ester  (XXI)  was  prepared  by  passing  hydrogen  chloride  into  an  ether  solution  of 
the  base  and  melted  at  226-228“  (from  alcohol). 

Found  °]o:  N  3.98,  3.91.  C3gHg,06N2Clz.  Calculated  N  3.99. 

SUMMARY 

A  series  of  esters  of  the  high  melting  isomer  of  1,2,5-trim  ethyl-4-phenyi-4-piperidol  and  aromatic  acids 
(benaolc  phenoxyacctic,  plicnylacetic,  cinnamic,  h  yd  roc  inn  am  ic,  p-aminobenzoic,cyclohexanecarboxylic  and 
liydroquinonediacetic)  were  synthesized  for  pharmacological  testing.  Some  of  the  esters  obtained  are  highly 
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Active  anetthetici.  The  introduction  of  an  aromatic  radical  into  the  acyl  radical  of  promidol  and  compounds 
tlmUar  to  It,  Is  accompanied  by  almost  complete  disappearance  of  analgesic  activity  and  the  appearance  of  a 
strong  anesthetic  effect  in  a  series  of  cases. 
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HETEROCYCLIC  COMPOUNDS 


41.  SYNTHETIC  ANESTHETICS 
VI.  ESTERS  OF  l,2,5-TRIMETHYL-4 -ARYL-4-PIPERIDOLS 

I.  N.  Nazarov,  N.  S.  Prostakov,  Zh.  A.  Krasnaya  and  N.  N.  Mikheeva 


Among  the  esters  of  4-phenyl-4-piperldols,  compounds  were  found  recently  which  have  extremely  hlg^ 
anesthetic  activity  considerably  exceeding  that  of  morphine,  and  what  is  especially  important,  lacking  the  un¬ 
pleasant  negative  properties  of  tlie  latter  (habit  formation,  high  toxicity,  side  effects  on  the  organism  etc). 
Promedol  and  isopromedol,  which  are  propionic  esters  of  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols, 
and  were  synthesized  in  our  laboratories,  are  especially  interesting  anesthetic  preparations  [1]. 


C„H5\^  /OCOC2H5 

H,C-/\, 


\n/ 


-CHr, 


I 

CH;, 


y -isomer';  hydrochloride  m.p.  220*  (promedol); 
0-isomet;  hydrochloride  m.p,  182*  (isopromedol). 


The  possibility  of  obtaining  4-aryl -4-piperidols  (the  basic  intermediate  products  in  die  synthesis  of  die 
anesthetic^  synthetically  is  determined  to  a  large  extent  by  methods  of  preparation  of  4-piperidones.  The 
synthesis  of  the  latter  by  the  condensation  of  divinyl  ketones  with  primary  amines,  developed  in  our  laboratory 
[2],  offers  the  widest  possibilities  of  obtaining  4-piperidones  of  various  structures. 
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With  the  aim  of  finding  hew  anesthetics  and  for  studying  systematically  the  relation  between  their 
structure  and  physiological  activity,  we  synthesized  a  number  of  new  tertiary  4-piperidols  and  their  esters,  by 
the  following  general  scheme : 
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O  R'  OH  R'  OCOR 
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The  action  of  benzylmagnesium  chloride,  anisylmagnesium  bromide,'  phenylmagnesium  bromide, 
p-propoxyphenylmagnesium  bromide  and  p-butoxyphenylmagnesium  bromide  on  l,2,5-trimethyl-4-piperidone 
(I)  gave  l,2,5-trimethyl-4-benzyl-4-piperidol  (11)  and  l,2,5-trimeihyl-4-p-alkoxyphenyl-4-piperidol  (HI) 
in  30 -55% yields: 
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R  =  CH„  CjH,.  C,H,.  C4H,. 


The  action  of  p-tolyllithium  on  piperidone  (I)  gave  a  55%  yield  of  l,2,5-trimethyl-4-p-tolyl-4-piperidol 
(IV),  isolated  in  two  stereoisomeric  forms  with  m.p.llS-llS*  and  136-137®. 

The  action  of  cyclohexyllithium  [3],  cyclohexenyllilhium  [4]  and  styryllithium  [4]  on  piperidone  (I) 
gave  l,2,5-trimethyl-4-cyclohexvl“4-piperidol  (V),  l,2,5-trimethyl-4-cyclohexenyl-4-piperidol  (VI)  and  1,2,5- 
trimethyl-4-styryl-4-piperidol  (VII)  in  approximately  20%  yield.  Piperidol  (VII)  split  out  water  when  heated 
with  acetyl  chloride  (120-125*)  and  was  converted  into  the  corresponding  tetrahydropyridine  derivative  (VIE)  in 
65%  yield : 
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The  condensation  of  phenylacetylene  with  l,2,5-trimethyl-4-piperidone  (I),  by  Favorsky’s  method,  gave 
a  57%  yield  of  l,2,5-trimethyl-4-phenylethinyl-4-piperidol  (IX),  isolated  in  two  stereoisomeric  forms  with 
m.p.  103-104  and  139-140*. 
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Treating  l,2,5,6-tetramethyl-4-piperidone  (X)  with  phenyllithtum  gave  a  4670  yield  of  1,2,5,6- 
tetramethyl-4-phenyl-4-piperidol  (XI),  also  isolated  in  two  stereoisomeric  forms  with  m.p.  99-99.6*  and  126- 

12r. 
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The  reaction  between  piperidone  (I)  and  p-dililhiumbenzene,  formed  by  treating  p-dibromobenzene  with 
lithium,  proceeded  with  much  more  difficulty  [5]. 

p-Di-(l,2,5-trimethyl-4-hydroxy-4-piperidyl)-benzene  (XII)  was  obtained  in  this  reaction  in  only  2% 
yield  as  colorless  crystals  with  m.p.  214-216*. 

Treating  piperidone  (I)  with  4-bromo-2-lithiumanisole  [6]  gave  a  207o  yield  of  l,2,5-trimethyl-4-(2- 
methoxy-5-bromophenyl)-4-piperidol  (Xni)  with  m,p.  165.5-166*jl,2,  5-trimethyl-4-(2-ethoxy-5-bromo|^enyl)- 
4-piperidol  (XIV)  with  m.p.  122.5-123.5*  was  obtained  in  the  same  way  from  piperidone  (I)  and  4-bromo-2- 
lithiumphenetole : 
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The  piperidols  obtained  are  valuable  for  elucidating  the  relation  between  the  character  of  the  physiological 
effect  of  tfie  esters  of  these  piperidols  and  their  structure. 

Treatment  of  l,2,5-trimethyl-4-cyclohexyl-4-piperidol  (V)  with  acid  chlorides  gave  about  407o  yields  of 
tfie  acetate  (XV),  propionates  (XVI)  of  both  stereoisomeric  piperidols  (V),  butyrate  (XVII),  benzoate  (XVIH)  and 
phenoxyacetate  (XIX).-  Acetate  (XX),  propionate  (XXI)  and  benzoate  (XXII)  were  obtained  in  the  same  way  by 
esterifying  l,2,5,6-tetramethyl-4-phenyl-4-piperidol  (XI). 
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Acetate  (XXni)  was  obtained  in  88%  yield  by  heating  l,2,5-triinetIiyl-4-benzyl-4-piperidol  (II)  at  100- 
120*  widi  acetic  anhydride  in  tlic  presence  of  hydrogen  chloride,  while  acetate  (XXIV)  was  obtained  in  13% 
yield  by  treating  1.2,5-trinietliyl-4-p-tolyl-4-piperidol  (IV)  with  cyclohexenylacetate  (Cyclohexanone  enolacetate): 
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Considerable  amounts  of  dehydration  products  of  the  alcohols  were  formed  by  raising  the  temperature 
to  120-130*  (heating  sealed  ampules)  when  treating  4-aryl -4-piperidols  with  acid  chlorides.  1,2,5,6-Tetra- 
methyl-4-phenyl-l,2,3,6-tetrahydropyridine  (XXV)  and  l,2,5-trimethyl-4-p-tolyl-l,2,3,6-tetrahydropyridine 
(XXVI)  were  obtained  by  this  method.  l,2,5-trimethyl-4-cyclohexyl-l,2,3,6-tetrahydropyridine  (XXVII)  was 
obtained  in  72%  yield  by  heating  piperidol  (V)  with  propionyl  chloride  at  60“  for  12  hours. 

Dehydration  of  the  y -isomer  of  l,2,5-trimethyl-4-pheny  1-4-piperidol  (XXVIII)  (m.p.  107-108*)  with 
70%  sulfuric  acid  gave  a  70%  yield  of  l,2,5-trimethyl-4-phenyltetrahydropyridine  (XXDC)  or  (XXX),  whose 
picrate  melted  at  125-126*.  Dehydration  of  the  8 -isomer  (XXVIH)  (m.p.  102-103")  under  the  same  conditions 
gave  about  80%  yield  of  another  l,2,5-trimetiiyl-4-phenyl-tetrahydropyridine  (XXDC)  or  (XXX),  whose  picrate 
melted  at  156-158*. 
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The  esters  of  l,2,5-trimethyl-4-(2-methoxy-5-bromophenyl)-4-piperidols  (XEH)  are  valuable  for 
elucidating  the  effect  of  the  halogen  and  alkoxyl  group  in  the  phenyl  radical  on  the  anesthetic  activity  of  these 
compounds. 

Acetate  (XXXI)  was  obtained  in  49%  yield  by  treating  piperidol  (XHI)  with  acetic  anhydride,  while 
propionate  (XXXII)  and  benzoate  (XXXni)  were  obtained  by  treating  the  lithium  alcoholate  of  piperidol  (Xni) 
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with  propionyl  and  benzoyl  chlorides. 

The  compounds  we  obtained  were  tested  in  the  pharmacological  laboratory  of  the  All-Union  Institute 
for  the  Scientific  Investigation  of  Chemical  Pharmaceutics.  The  acetate  of  l,2,5-trlmethyl-4-benzyl-4-piperidol 
(XXm)  has  neitlier  sedative  nor  local  anesthetic  effect.  Aswe  had  stated  earlier  [1],  the  acetate  of  1,2,5- 
trimcthyl-4-phcnyl-4-pif)eridol  has  anesthetic  activity,  exceeding  that  oflidol  (3  times  less  active  than  morphine). 
Consequently,  the  introduction  of  a  metliylene  group  between  tlie  phenyl  radical  and  the  fourth  carbon  atom  of  the 
piperidine  ring  is  in  this  case  the  reason  for  the  absence  of  sedative  action  in  the  acetate  (XXni).  The  analgesic 
effect  of  esters  of  tertiary  4-piperidols  is  also  considerably  weakened  by  exchanging  the  phenyl  radical  at  the 
fourth  carbon  atom  for  a  cyclohexyl.  The  anesthetic  activity  of  propionate  (XVI)  of  the  high  melting  isomer 
of  l,2,5-trimethyl-4-cyclohexyl-4-piperidol  is  three  times  less  than  the  analgesic  activity  of  the  propionate  of 

1.2.5- trimethyl-4-phenyl-4-piperidol  (promedol)  described  in  the  previous  paper.  The  propionate  (XVI)  and 
the  acetate  (XV)  of  the  low  melting  isomer  of  l,2,5-trimethyl-4-cyclohexyl-4-piperidol  have  the  same 
anesthetic  activity  which  is  approximately  5  times  less  than  the  analgesic  activity  of  promedol.  The  butyrate 
(XVn)  has  absolutely  no  noticeable  analgesic  effect. 

It  is  interesting  to  compare  the  physiological  activity  of  the  acetate  (XXXI)  and  propionate  (XXXII)  of 

1.2.5- trimethyl-4-(2-methoxy-5-bromophenyl)-4-piperidol  with  the  activity  of  the  acetate  and  propionate  of 

1.2.5- trimethyl-4-phenyl-4-piperidol.  The  propionate  of  l,2,5-trimethyl-4-|^enyl-4-piperidol  is  among  the 
strongest  anesthetics  (promedol,  isopromedol)  while  the  propionate  of  l,2,5-trimethyl-4-(2-methoxy-5-bromo- 
phenyl)-4-plperidol  (XXXII),  as  well  as  acetate  (XXXI)  have  absolutely  no  noticeable  analgesic  effect,  but  they 
are  strong  anesthetics,  exceeding  by  many  times  the  activity  of  novocaine.  Consequently,  such  a  change  in  the 
character  of  the  physiological  effect  is  determined  by  the  introduction  of  a  substituent  (bromine  and  methoxyl 
group)  into  the  phenyl  radical  of  promedol  and  other  compounds  similar  to  it. 

The  benzoate  (XXXIH)  is  approximately  8-9  times  more  active  anesthetically  dian  novocaine,  but  it 
produces  a  sharp  irritation  when  introduced  into  the  conjunctival  fold  of  a  rabbit’s  eye  even  at  0.25%  concentration. 
Acetate  (XXXI)  and  propionate  (XXXII)  are  so  far  the  only  examples  of  the  fact  that  esters  of  amino  alcohols  not 
only  with  aromatic  but  with  the  lowest  aliphatic  acids  may  have  strong  anesthetic  effect.  The  detailed  results  of 
the  physiological  tests  will  be  published  in  a  separate  paper. 

EXPERIMENTAL 

1.2.5- Trimethyl-4-benzyl-4-piperidol  (IE).  20  g  of  l,2,5-trimethyl-4-piperidone  (I)  [2]  was  gradually 
added  with  cooling  and  vigorous  stirring  to  a  solution  of  phenylmagnesium  chloride,  prepared  from  10.4  g  of 
magnesium  and  45  g  of  chlorobenzene  in  250  ml  of  absolute  ether.  Stirring  was  continued  for  1  hour  at  room 
temperature  and  3  hours  at  the  boiling  point  of  ether.  On  cooling, the  reaction  mixture  was  treated  with  dilute 
hydrochloric  acid  (until  acid  to  Congd)and  then  the  organic  base  was  isolated  from  the  aqueous  layer  by 
treatment  with  caustic  potash  and  extraction  with  ether.  The  residue  after  distilling  off  the  ether  crystallized. 

We  obtained  21.4  g  of  (H),  which  melted  at  85-87"  after  recrystallization  from  benzine  (b.p.  80-100"). 

Found  %:  N  6.08,  6.33.  C15H23ON.  Calculated  %;  N  6.01. 

The  hydrochloride  of  the  piperidol  (II)  melted  at  212-214"  after  recrystallization  from  alcohol. 

1.2.5- Trimethyl-4-p-anisyl-4-piperidol  (HI,  R  =  CH3).  In  the  reaction  we  used  11  g  of  magnesium,  85g 
of  p-bromoanisole,  150  ml  of  absolute  ether  and  45  g  of  (I).  The  reaction  was  carried  out  as  described  above. 
Vacuum  distillation  of  the  residue  from  the  ether  extract  of  the  base  gave  26  g  of  unreacted  piperidone  (I)  (b.p. 

43"  at  2.5  mm)  and  12  g  of  l,2,5-trimethyl-4-p-anisyl-4-piperidol  (El,  R  =  CHs)  as  a  viscous  liquid,  which 
distilled  in  the  range  135-141"  at  2.5  mm  and  quickly  crystallized  in  the  receiver.  After  two  recrystallizations 
from  benzine  it  melted  at  99-lOQ". 

Found  %:  N  5.80,  5.59.  C15H23O2N.  Calculated  %:  N  5.62. 

The  hydrochloride  of  l,2,5-trimethyl-4-p-anisyl-4-piperidol  was  colorless  crystals  with  m.p.  175-177" 

(from  alcohol). 
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1.2.5- Trimettiyl-4-p-phenetyl-4-piperidoI  (HI,  R  =  C^He  ).  In  tlie  reaction  we  used  7  g  of  magnesium,  49 
g  of  p-bromophenetole,  17  g  of  (I)  and  300  ml  of  ether.  The  reaction  was  carried  out  as  described  above.  We 
obtained  12  g  of  unreacted  piperidone  (I)  and  7  g  of  l,2,5-trimethyl-4-p-phenetyl-4-piperidol  (HI,  R  =  C1H5), 
which  crystallized  in  the  distilling  flask  after  distilling  off  tlie  piperidone.  After  recrystallization  from  benzine, 
it  melted  at  118-118.5*. 

Found  N  5.53,  5.78.  CigHzsOzN.  Calculated  7o:  N  5.32. 

From  tlie  neutral  products  we  isolated  14  g  of  phenetole  (b.p.  168-173“). 

1.2.5- Trimethyl-4-p-propoxyphenyl-4-piperidol  (HI,  R  =  CgHy  ).  In 'the  reaction  we  used  2.83  g  of 
magnesium,  25  g  of  p-promopropoxybenzene,  200  ml  of  absolute  ether  and  8^3  g  of  (I).  We  obtained  3.1  g  of 
l,2,5-trimethyl-4-p-propoxyphenyl-4-piperidol  (III,  R  =  C3H7  )  as  colorless  crystals  with  m.p.  123-124*  (from 
benzine). 

Found  <70:  0  73.57,73.36;  H  9.46,  9.43.  CitHjtOjN.  Calculated  <70:  C  73.64;  H  9.74. 

1.2.5- Trimettiyl-4-p-butoxyphenyl-4-piperidol  (III,  R=CiHg).  In  the  reaction  we  used  4.25  g  of 
magnesium,  41.8  g  of  p-bromobutoxybenzene,  200  ml  of  absolute  ether  and  10  g  of  (I).  From  the  ether  extract 
of  the  base  we  obtained  4.7  g  of  unreacted  piperidone  (I)  and  7  g  of  l,2,5-trimethyl-4-p-butoxyphenyl-4- 
piperidol  (HI,  R  -  C4H9)  as  colorless  needle-like  crystals  with  m.p.  123-124*  (after  four  recrystallizations  from 
benzine). 

Found  <7o:  N  4.  74,  4.55.  CigH2902N.  Calculated  ‘7o:  N  4.81. 

1.2.5- Trimethyl-4-p-tolyl-4-piperidol  (IV).  In  the  reaction  we  used  3.1  g  of  metallic  lithium,  35  g 
of  p-bromotoluene,  22  g  of  (I)  and  100  ml  of  absolute  ether.  The  reaction  was  carried  out  similarly  to  the 
synthesis  with  lithium  described  in  previous  reports.  From  the  ether  extract  of  the  base  we  obtained  13  g  of  high 
melting  l,2,5-trimethyl-4-p-tolyl-4-piperidol  (IV),  which  melted  at  136-137*  after  two  recrystallizations  from 
benzine. 

Found  <7o:  N  6.11,  6.41.  C15H23ON.  Calculated  ^o:  N  6.01. 

By  vacuum  distillation  of  the  mother  liquor,  remaining  after  the  isolation  of  the  high  melting  piperidol 
(IV),  we  obtained  3  g  of  the  initial  piperidone  (I)  and  6.8  g  of  a  viscous  liquid  with  b.p.145-148*  at  3  mm,  which 
gradually  crystallized.  By  fractional  crystallization  from  benzine  we  isolated  2.5  g  of  low  melting  1,2,5-trimethyl 
4-p-tolyl-4-piperidol  with  m.p.  113-115". 

Found <7o;  N  5.81,  5.91.  C15H23ON.  Calculated  <70:  N  6.01. 

1.2.5- Trimethyl-4-cyclohexyl-4-piperidol  (V).  To  another  solution  of  cyclohexyllithium,  prepared 
from  13  g  of  metallic  lithium  and  140  g  of  freshly  distilled  cyclohexyl  chloride  (b.p.  140-142*)  in  380  ml  of  ab¬ 
solute  ether,  105  g  of  (I)  was  added  over  a  period  of  2  hours  and  the  addition  was  carried  out  at  the  boiling 
point  of  the  ether.  The  material  was  worked  up  in  the  usual  way  be  isolation  of  the  organic  bases  and  distillation 
in  vacuum.  We  obtained  52  g  of  unreacted  piperidone  (I)  (b.p.  62-79*  at  3  mm)  and  26  g  of  1,2,5-trimethyl- 
4-cyclohexyl-4-piperidol  (V)  as  a  viscous  liquid,  which  distilled  in  the  range  129-140* at  3  mm.  There  was  10.8 
g  of  residue  after  the  distillation. 

•  The  second  fraction  crystallized  on  dilution  with  benzine.  After  two  recrystallizations,  the  precipitate 
from  the  benzine  gave  7.5  g  of  (V)  with  m.p.  92-93^5*. 

Found  ^70:  N  6.33,  6.43.  C14H27ON.  Calculated  <7,;  N  6.22. 


3144 


On  standing, tile  niotiier  liquor  remaining  after  the  separation  of  the  piperldoI(V)  witii  m.p.  92-93.5, 
deposited  0.6  g  of  a  second  stereolsomeric  form  of  tills  alcoliol,  which  melted  at  125-126.5*  after  two 
recrystallizations  from  benzine. 

Found  <7o:  N  6.15,  6.48.  C14H27ON.  Calculated  6.22. 

From  the  remaining  amount  we  isolated  3.3  g  of  a  mixture  of  stereolsomeric  l,2,5-trImethyl-4- 
cyclohexyl-4-piperidols  witii  m.p.  83.5-89*.  The  residue  was  an  uncrystal liz able  oil. 

1.2.5- Trimethyl-4-cyclohexenyl-4-piperidol  (VI).  A  mixture  of  1.8  g  of  metallic  lithium,  70  ml  of 
absolute  ether  and  15  g  of  freshly  distilled  cycloiiexenyl  chloride  was  vigorously  stirred  in  an  atmosphere  of  dry 
nitrogen  at  the  boiling  point  of  the  etlier  for  6  hours.  After  only  one  hour,  noticeable  solution  of  the  lithium 
began  and  tiie  solution  acquired  an  intense  yellow  color.  20  g  of  piperidone  (I)  was  mn  into  tiie  ether  solution 
of  cyclohexenyllitiiium  over  a  period  of  30  minutes  witii  cooling  and  vigorous  stirring.  The  reaction  mixture 
was  stirred  for  2  hours  at  room  temperature  and  for  1  hour  at  the  boiling  point  of  the  ether.  The  organic  bases 
were  then  isolated  by  the  usual  procedure.  We  obtained  10.2  g  of  the  initial  piperidone  (I),  2  g  of  a  fraction 
with  b.p.  72-152*  and  5  g  of  l,2,5-trimethyl-4-cyclohexenyl-4-pipetidol  (VI)  as  a  viscous  liquid,  which 
crystallized  on  addition  of  benzine.  After  recrystallization  from  benzine,  the  m.p.  was  113-114*. 

Found  N  5.98,  6.17.  C14H2SON.  Calculated  %;  N  6.27. 

1.2. 5- Trimethyl -4-styryl-4-piperidol  (VII).  In  the  reaction  we  used  3.86  g  of  metallic  lithium,  55.5  g 
of  bromostyrene,  100  ml  of  absolute  ether  and  56  g  of  (I).  The  reaction  was  carried  out  as  described  in  the 
previous  experiment.  We  obtained  35.3  g  of  unreacted  piperidone  and  21.2  g  of  l,2,5-trimethyl-4-styryl-4- 
piperidol  (VII)  as  a  very  thick  liquid  with  b.p.  148-150"  at  2.5  mm,  which  set  into  a  glass-like  mass.  There 
was  5  g  of  residue  after  distillation.  We  were  unable  to  isolate  the  piperidol  (VII)  in  a  crystalline  form.  Its 
picrate  melted  at  195-198"  after  two  recrystallizations  from  alcohol. 

Found  <7o;  N  11.62,  11.74.  C22H2608N4.  Calculated  N  11.81. 

1.2.5- Trimethyl-4-styryl-l,2,3,6-tetrahydropyridine  (VIII).  4.2  g  of  piperidol  (VII),  0.1  g  of  metallic 
magnesium,  10  ml  of  benzene  and  18  ml  of  acetyl  chloride  were  heated  in  sealed  ampules  for  3  hours  at  120-125*. 
The  benzene  and  acetyl  chloride  were  distilled  off  under  reduced  pressure  and  the  residue  was  dissolved  in  25  ml 
of  water,  washed  with  ether  to  remove  neutral  products  and  treated  with  soda.  The  organic  bases  were  extracted 
with  ether  and  distilled  in  vacuum.  We  obtained  2.5  g  of  a  mobile  liquid  with  b.p.  133-134*  at  2  mm,  which 
was  yellow  in  color  and  instantaneously  decolorized  alcoholic  permanganate  solution.  There  was  0.7  g  of  residue 
after  distillation.  On  standing  the  color  of  the  liquid  changed  and  at  first  it  became  green  and  then  black.  From 
this  fraction  we  made  the  iodomethylate  of  l,2,5-trimethyl-4-styryl-l,2,3,6-tetrahydropyridine  (VIII),  which 
melted  at  208-209.5*  after  three  recrystallizations  from  alcohol. 

Found  N  3.67,  3.69,  3.73.  CnH24NI.  Calculated  N  3.79. 

1.2. 5- Trimethyl -4-phenylethinYl-4-piperidol  (IX).  Into  a  three-necked  flask  was  placed  17  g  of 
powdered  potassium  hydroxide,  150  ml  of  absolute  ether  and  22  g  of  piperidone  (I).  With  vigorous  stirring  and 
cooling  to-S*,  10.5  g  of  phenylacetylene  was  mn  into  the  reaction  mixture  over  a  period  of  1  hour,  after  which 
stirring  was  continued  for  a  further  4  hours  at  room  temperature.  On  the  following  day  the  reaction  mixture 
was  acidified  toCongo  with  15%  hydrochloric  acid.  The  aqueous  solution  of  the  hydrochlorides  of  the  bases 

was  separated,  treated  with  potassium  hydroxide  and  exuacted  with  ether.  By  distillation  of  the  reaction  product 
In  vacuum,  we  obtained  4.6  g  of  unreacted  piperidone  (I)  and  17  g  of  the  piperidol  (IX)  as  a  very  viscous  liquid 
with  b.p.  156-158*  at  2.5  mm, which  set  to  a  glassy  mass.  There  was  1.9  g  of  residue  after  distillation.  A 
solution  of  piperidol  (IX)  in  benzine  was  heated  with  activated  charcoal  and  filtered.  On  cooling  there  separated 
a  colorless,  fine  granular  crystalline  precipitate  (13.5  g)  of  a  mixture  of  stereoisomeric  l,2,5-trimethyl-4- 
phenylethinyl-4-pipetidols,  form  which  we  isolated  two  plperidols  by  fractional  crystallization.  The  high  melting 
one  had  m.p.  130-140*. 
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Found  %;  N  6,05,  5.91.  CieH2iON.  Calculated  N  5.76. 

The  low  melting  one  had  m.p.  103-104*. 

Found  N  5.90,  6.01.  CigHnON.  Calculated  <70:  N  5.76. 

l,2,5.6-Tetramethyl-4-phenyl-4-pipeEidol  (XI).  Phenylithium  was  prepared  from  34  g  of  bromobenzene 
and  2.5  g  of  metallic  lithium  in  150  ml  of  absolute  ether.  25  g  of  freshly  distilled  piperidone  (X)  (b.p.  64* 
at  3.5  mm  ;  n^*  1,4743  [2])  was  gradually  added  to  the  phenyllithium,  which  was  cooled  to-10*  and  vigorously 
stirred.  On  the  following  day,  after  2  hours  heating  at  the  boiling  point  of  the  ether,  the  lithium  alcoholate  was 
decomposed  with  dilute  hydrochloric  acid  (30  ml  of  concentrated  hydrochloric  acid  in  100  ml  of  water)  with 
cooling.  The  ether  layer  containing  the  neutral  compounds  was  separated  off  and  the  aqueous  layer  was  treated 
witii  potassium  hydroxide  and  extracted  twice  with  ether.  After  drying  over  sodium  sulfate  and  distilling  off 
die  ether,  the  reaction  product  was  distilled  in  vacuum.  We  obtained  8.7  g  of  unreacted  piperidone  (X)  and 
17.5  g  of  a  mixture  of  stereoisomeric  l,2,5,6-tetramethyl-4-phenyl-4-piperidols  (XI)  as  a  viscous  pale  yellow 
liquid  with  b.p.  124-128*  at  3  mm.  There  was  a  residue  of  2,5  g  after  the  distillation. 

On  cooling  and  scratching  with  a  rod,  the  piperidol  obtained  partially  crystallized.  After  carefiil  washing 
with  benzine  on  the  filter,  we  obtained  6.5  g  of  colorless  crystals  with  m.p.  94-105*,  from  which  we  isolated 
two  stereoisomeric  forms  of  piperidol  (XI)  by  fractional  crystallization  from  benzine.  The  low  melting  form 
had  m.p.  99-99.5*. 

Found  <7):  N  6.36,  6.13.  CigHjaGN.  Calculated  N  6.01. 

The  hydrochloride  of  the  low  melting  piperidol  (XI)  melted  at  252-253“  after  two  recrystallizations  from 
alcohol.  The  picrate  melted  at  162-163*  (from  alcohol). 

The  high  melting  form  a  piperidol  (XI)  melted  at  126-127*. 

Found  <70:  N  5.79,  5.75.  C15H23ON.  Calculated <7o:  N  6.01. 

The  picrate  of  the  high  melting  piperidol  (XI)  melted  at  171-172*  (from  alcohol). 

p-Di-(l,2,5-trimethyl-4-hydroxy-4-piperidyl)-benzene  (XII).  With  vigorous  stirring  a  solution  of  32.2  g 
of  p-dibromobenzenein450ml  of  petroleum  ether  was  run  into  a  solution  of  butyllithium,  prepared  from  74.6  g 
of  butyl  bromide  and  11,3  g  of  metallic  lithium  in  100  ml  of  petroleum  ether,  by  the  usual  method.  50  g  of 
(I),  dissolved  in  50  ml  of  petroleum  ethet  was  added  over  a  period  of  6  hours  to  the  p-dilithiumbenzene  fc«rmed, 
with  cooling  in  ice  water.  The  next  day  the  reaction  mixture  was  stirred  for  10  hours  at  room  temperature  and 
was  treated  with  dilute  hydrochloric  acid.  The  aqueous  solution  of  the  amine  hydrochloride,  left  after  the 
separation  of  the  ether  layer  with  the  neutral  products,  was  treated  with  soda  and  then  caustic  potash  until 
saturated  and  was  extracted  several  times  with  ether.  After  drying  with  baked  sodium  sulfate  and  distilling  off 
the  ether,  the  reaction  product  was  distilled  in  vacuum  ;  this  yielded  18  g  of  the  starting  piperidone  (I)  (b.p. 

56*  at  3.5  mm),  2.0  g  of  a  fraction,  boiling  in  the  range  85-146"  at  3  mm,  and  a  residue  of  29.5  g  of  a  viscous, 
dark  red,oily  liquid,  which  was  dissolved  in  25  ml  of  benzine  (b.p.  70-100*).  To  the  solution  obtained  was 
added  75  ml  of  absolute  ether.  On  standing,  crystals  of  (XII)  were  gradually  deposited  from  the  solution,  which 
were  filtered  off  and  a  new  portion  of  absolute  ether  was  added  to  the  mother  liquor  again.  This  operation  was 
repeated  5  times.  In  this  way  we  isolated  1.1  g  of  (XII)  as  colorless  crystals  with  m.p.  214-216*,  which  were 
soluble  in  alcohol,  very  difficultly  soluble  in  benzine,  ether  and  water  and  insoluble  in  acetone. 

Found  <70;  C  72.96 ;  H  10.27 ;  N  7.88,  8.02.  C:22H3602N2.  Calculated  <7,:  C  73.33;  H  10.00  ;  N  7.77. 

The  picrate  of  (XII)  melted  at  265*  with  decomposition  (from  alcohol). 

Found  <7o:  N  13.77,  13.80.  Ca^H^OieNg.  Calculated  <7o:  N  13.69. 
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We  were  unable  to  obtain  a  crystalline  hydrochloride  from  the  mother  liquor  left  after  the  separation  of 
the  glycol  (Xn). 

1.2.5- Trimethyl-4-(2-methoxy-5-bromophenvl)-4-piperidol  (Xm).  In  die  reaction  we  used  3.7  g  of 
metallic  lithium,  59.7  g  of  p-bromoanisole  (b.p.  65*  at  3.5  mm),  30  g  of  piperidone  (I)  and  100  ml  of  absolute 
ether.  After  evaporating  off  the  ether  from  the  ether  extract  of  the  base,  the  residue  crystallized.  Recrystalliza¬ 
tion  of  it  from  benzine  gave  14.5  g  of  piperidol  (XIH)  witfi  m.p.  165.5  -166*. 

Found  <yo;  C  55.00,  54.83;  H  6.83,  6.71;  N  4.17,  4.37.  CigHjjOjNBr.  Calculated  C  54.88; 

H  6.69  ;  N  4.26. 

The  hydrochloride  of  (XHI)  melted  at  233*  after  recrystallization  from  alcohol. 

The  picrate  of  piperidol  (XHI)  melted  at  188-189.5*  after  recrystallization  from  alcohol. 

Found  <yo:  N  9.86,  9.96.  €21^25^8^4^^  Calculated  N  10.05. 

From  the  modier  liquor,  remaining  after  the  isolation  of  die  crystalline  piperidol  (Xm),  we  obtained  2.1  g 
of  the  starting  piperidone  (I)  and  8  g  of  a  high  boiling  liquid  with  b.p.  163-183*  at  3.5  mm,  whose  picrate  and 
hydrochloride  were  oily  materials.  From  the  neutral  products  we  obtained  13  g  of  anisole  and  2.3  g  of  p- 
bromoanisole. 

1.2.5- Trimethyl-4-(2-ethoxy-5-bromophenyl)-4-piperidol  (XIV).  In  the  reaction  we  used  2.13  g  of 
metallic  lithium,  37  g  of  p-bromophenetole,  17.3  gof  piperidone  (I)  and  150  ml  of  absolute  ether.  The  reaction 
was  carried  out  as  described  above.  By  distilling  the  ether  extract  of  the  base  in  vacuum  we  obtained  5.7  g  of 
unreacted  piperidone  (I)  (b.p.  48-60*  at  2.5  mm)  and  14.2  g  of  a  viscous  liquid  with  b.p.  155-163*  at  2.5  mm, 
which  crystallized  on  addition  of  benzine  (b.p.  70-100*).  There  was  1.5  g  of  a  residue  after  distillation. 

After  recrystallization  from  benzine,  we  obtained  piperidol  (XIV)  as  colorless  crystals  with  m.p.  122.5- 

123.5*. 

Found  <7o:  C  56.38,  56.28 ;  H  7.16,  7.12.  Ci6H2402NBr.  Calculated  «7o:  C  56.14;  H  7.01. 

From  the  neutral  products  we  obtained  8.8  g  of  phenetole  and  4  g  of  p-bromophenetole. 

The  acetate  of  l,2,5-trimethyl-4-cyclohexyl-4-piperidol  (XV).  3  g  of  piperidol  (V)  (m.p.  92-93.5*), 

2.5  g  of  acetyl  chloride  and  3.5  ml  of  dry  benzene  were  boiled  for  3  hours.  On  cooling  a  precipitate  (2.4  g) 
of  the  hydrochloride  of  piperidol  acetate  (XV)  came  out  and  after  recrystallization  from  acetone  it  melted  at 
203-204*. 

Found  N  4.53,  4.44.  Ci5H3()C^NCl.  Calculated  °]o‘.  N  4.61. 

The  propionate  of  l,2,5-trimethyl-4-cyclohexyl-4-piperidol  (XVI).  a)  To  a  solution  of  5  g  of  the  low 
melting  isomer  of  l,2,5-trimethyl-4-cyclohexyl-4-piperidol  (V)  (m.p.  92-93.5*)  in  5  ml  of  chloroform  was 
added  5  g  of  propionyl  chloride.  The  solution  was  kept  for  two  days.  The  chloroform  and  excess  propionyl 
chloride  were  distilled  off  in  vacuum  and  the  crystalline  residue  was  dissolved  in  dry  acetone  by  heating.  On 
cooling,a  colorless  precipitate  (2.8  g)  separated  and  after  drying  in  a  desiccator  it  melted  at  186-189*.  By 
recrystallization  from  acetone,  we  obtained  the  hydrochloride  of  the  propionate  of  the  low  melting  isomer  of 
piperidol  (XVI)  with  m.p.’l94-195.5*. 

Found  N  4.37,  4.49.  C17H32O2NCI.  Calculated  N  4.41. 

The  picrate  of  l,2,5-trimethyl-4-cyclohexyl-4-piperldyl  propionate,  prepared  from  the  free  base, 
melted  at  163-164*  (from  alcohol). 


I 
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b)  5  g  of  tlie  low  melting  isomer  of  piperidol  (V),  4.5  g  of  propionyl  chloride,  0.2  g  of  metallic 
magnesium  and  5  ml  of  benzene  were  boiled  on  a  water  bath  for  3  hours.  On  cooling  in  ice  water,  we  obtained 
a  precipitate  (2.5  g)  of  the  hydrocliloride  of  the  propionate  (XVI),  which  also  melted  at  191-193*  (from  acetone). 

c)  2.9  g  of  propionyl  chloride  was  added  to  a  solution  of  3  g  of  the  high  melting  isomer  of  piperidol 

(V)  (m.p.  125-126*)  in  3  ml  of  dry  benzene.  The  mixture  heated  up  noticeably.  On  cooling,  over  approximately 
10  minutes  a  voluminous,  colorless  precipitate  (3.4  g)  separated.  After  recrystallization  from  acetone  we  obtained 

2.3  g  of  the  hydrochloride  of  the  propionate  of  the  high  melting  isomer  of  l,2,5-trimethyl-4-cyclohexyl-4- 
plperidol  with  m.p.  192-193*.  A  sample  of  this  mixed  with  the  hydrochloride  of  the  propionate  of  the  low 
melting  isomer  of  piperidol  (V)  melted  at  171-183". 

Found  N  4.17,  4.24.  CiTHajOjNCl.  Calculated  <^o:  N  4.41. 

The  butyrate  of  l,2,5-triniettiyl-4-cyclohexyl-4-piperidol  (XVII).  4  g  of  piperidol  (V)  (m.p.  92-93.5*), 

3.4  g  of  butyryl  chloride  and  4  ml  of  dry  benzene  were  heated  for  3  hours  at  60-70*.  The  benzene  and  excess 
acid  chloride  were  distilled  off  in  vacuum  ;  the  residual,  viscous,  dark  red  oil  was  dissolved  in  water  (10  ml). 

The  aqueous  solution  was  tlien  treated  with  soda  and  the  free  base  was  extracted  with  ether.  After  drying  and 
distilling  off  the  ether,  the  reaction  product  was  distilled  in  vacuum.  Fractions  were  obtained:  Ist-b.p.  107- 
134*  at  2  mm,  1.5  g ;  2nd-b.p.  134-149"  at  2  mm,  1.9  g.  Passing  dry  hydrogen  chloride  into  an  ether  solution 
of  the  2nd  fraction  gave  a  colorless,  crystalline  precipitate,  which  was  recrystallized  from  acetone  to  yield  1.2 
g  of  the  hydrochloride  of  butyrate  (XVII)  with  m.p.  198.5-199.5". 

Found  %:  N  4.46,  4.27.  CuHsPzNCl.  Calculated  N  4.22. 

The  benzoate  of  l,2,5-trimetliyl-4-cyclohexyl-4-piperidol  (XVIII).  To  a  solution  of  1  g  of  1, 2,5- 
trimethyl -4-cyclohexyl -4-piperidol  (m.p.  92-93.5*)  in  3  ml  of  benzene  was  gradually  added  1.25  g  of  benzoyl 
chloride  and  0.01  g  of  magnesium.  The  reaction  mixture  was  heated  for  14  hours  at  70-75*.  The  benzene  was 
distilled  off  in  vacuum.  The  residue  was  washed  with  three  portions  of  ether  and  then  dissolved  in  5  ml  of  water 
and  treated  with  dilute  ammonia  solution.  The  free  base  was  extracted  witli  ether.  On  passing  hydrogen  chloride 
into  the  dried  ether  solution  of  the  base,  the  hydrochloride  was  precipitated  as  a  pale  yellow  oil,  which  gradually 
crystallized.  After  being  washed  with  absolute  ether  and  drying  in  a  desiccator,  the  hydrochloride  of  (XVIII) 
melted  at  168-170". 

Found  N  4.00,  4.07.  C21H32O2NCI.  Calculated  <7o:  N  3.83. 

The  phenoxyacetate  of  l,2,5-trimethyl-4-cyclohexyl-4-piperidol  (XIX).  In  the  reaction  we  used  1  g 
of  piperidol  (V)  (m.p.  92-93.5"),  2  ml  of  benzene,  0.05  g  of  magnesium  and  1.5  g  of  phenoxyacetyl  chloride. 

The  reaction  was  carried  out  as  described  above.  We  obtained  0.6  g  of  the  hydrochloride  of  the  phenoxyacetate 
(XDC)  with  m.p.  174-176* (from  acetone). 

Found  <7o:  N  3.78,  3.67.  CjjHaPaNCl.  Calculated  %:  N  3.53. 

The  acetate  of  l,2,5,6-tetramethyl-4-phenyl-4-piperidol  (XX).  A  solution  of  5.4  g  of  the  stereoisomeric 
l,2,5,6-tetramethyl-4-phenyl-4-piperidols  (XI)  (m.p.  94-105*)  and  5  ml  of  acetyl  chloride  in  20  ml  of  benzene 
was  heated  in  the  presence  of  0.1  g  of  metallic  magnesium  for  10  hours  with  vigorous  boiling.  The  excess 
acetyl  chloride  and  benzene  were  distilled  off  under  reduced  pressure.  To  the  residue  was  added  50  ml  of 
absolute  ether,  the  precipitate  was  filtered  off  and  dissolved  in  15  ml  of  water  and  the  aqueous  solution  was 
treated  with  soda.  The  oily  layer  which  separated  was  dissolved  in  ether,  and  after  drying,  was  distilled  in 
vacuum.  We  obtained  4  g  of  (XX)  as  a  viscous  liquid  with  b.p.  140-142*  at  2  mm. 

The  hydrochloride  of  the  acetate  (XX)  was  prepared  by  passing  hydrogen  chloride  into  an  ether  solution 
of  the  base  and  in  the  initial  stages  of  the  preparation  it  was  a  hygroscopic,  crystalline  substance.  After  several 
recrystallizations  from  anhydrous  alcohol  the  hydrochloride  was  obtained  as  colorless,  unhygroscopic  crystals 
with  m.p.  199-200*. 
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Found ‘?k:  N  4.36,  4.45.  C^HijOiNCl.  Calculated  <55):  N  4.49. 

At  the  same  time  we  Isolated  a  mixture  of  hydrochlorides  of  stereoisomeric  l,2,5,6-tetramethyl-4- 
phenyl-4-piperidyl  acetates  with  m.p.  154-160*. 

Found  <7o:  N  4.39.  4.25.  CnHjgOtNCl.  Calculated  ojo:  N  4.49. 

The  propionate  of  l,2,5,6-tetramethyl-4-phenyl-4-piperidol  (XXI).  6  g  of  the  stereoisomeric  1,2,5,6- 
tetramethyl- 4-phenyl- 4- piperidols  (m.p.  96-108“)  was  heated  with  10  ml  of  propionyl  chloride  in  the  presence 
of  0.2  g  of  magnesium  in  12  ml  of  dry  benzene.  The  reaction  product  was  worked  up  as  described  in  the  previous 
experiment.  We  obtained  4.7  g  of  (XXI)  as  a  viscous  liquid  with  b.p.  148-150“  at  2  mm. 

Found  o]o\  N  4.94,  5.18.  CijHjtOjN.  Calculated  N  4.84. 

The  benzoate  of  l,2,5,6-tetramethyl-4-phenyl-4-piperidol  (XXII).  A  solution  of  9  g  of  stereoisomeric 

l, 2,5,6-tetramethyl-4-phenyi-4-piperidols  and  11  ml  of  benzoyl  chloride  in  16  ml  of  dry  benzene  was  heated 
with  0.3  g  of  metallic  magnesium  for  8  hours  with  vigorous  boiling.  The  free  base  was  isolated  and  the  reaction 
product  distilled  in  vacuum  in  the  usual  way.  We  obtained  9  g  of  a  very  viscous  liquid  with  b.p.  165-185“  at 

2  mm,  which  changed  into  a  glassy  mass  on  cooling  to  room  temperature.  From  this  we  prepared  by  the  usual 
method  a  picrate  of  the  benzoate  (XXII),  which  melted  at  172-173“  after  two  recrystallizations  from  anhydrous 
alcohol. 

Found  ^0'.  N  9,56,  9.42.  C28H3oO^N4.  Calculated  ’’jo:  N  9.89. 

The  acetate  of  l,2,5-trimethyl-4-benzyl-4-piperidol  (XXIII).  A  solution  of  5  g  of  l,2,5-trimethyl-4- 
benzyl-4-piperidol  (H)  (m.p.  85-87“)  in  30  ml  of  acetic  anhydride,  saturated  with  hydrogen  chloride,  was  heated 
for  3  hours  on  a  boiling  water  bath  and  1.5  hours  at  120-130“.  The  excess  acetic  anhydride  was  distilled  off  in 
vacuum.  The  residual  oily  mass  crystallized  on  washing  with  ether.  We  obtained  5.2  g  of  the  hydrochloride  of 
the  acetate  (XX HI),  which  melted  at  145-146.5“  after  three  recrystallizations  from  alcohol. 

Found  N  4.38,  4.23.  Cj^zANCl.  Calculated  N  4.49. 

The  acetate  of  l,2,5-trimethyl-4-tolyl-4-piperidol  (XXIV).  A  solution  of  3  g  of  piperidol  (IV)  (m.p.  136- 
137“),  6  ml  of  acetic  anhydride  and  3  ml  of  cyclohexenyl  acetate,  saturated  with  hydrogen  chloride,  was 
heated  on  Wood|s  alloy  with  a  continuous  increase  in  the  temperature  from  100  to  135*  over  a  period  of  1.5 
hours.  At  the  same  time  5  ml  of  the  liquid  was  distilled  off  under  reduced  pressure.  The  addition  of  absolute 
ether  to  the  reaction  mixture  gave  a  precipitate,  which,  after  drying  in  a  desiccator,  was  recrystallized  twice 
from  anhydrous  alcohol.  We  obtained  0.5  g  of  the  hydrochloride  of  the  acetate  (XXIV)  as  colorless  crystals  with 

m. p.  216.5-217! 

Found  N  4.49,  4.21.  C17H26O2NCI.  Calculated  N  4.49. 

An  attempt  to  acetylate  l,2,5-lrimethyl-4-p-tolyl-4-piperidol  under  the  same  conditions,  but  without 
the  cyclohexenyl  acetatetdid  not  give  positive  results :  from  this  we  obtained  the  hydrochloride  of  the  starting 
piperidol  with  m.p.  196-197“. 

Found  ojo-  N  5.33,  5.17.  Ci5H230NCl.  Calculated  ojo:  N  5.22. 

l,2,5,6-Tetramethyl-4-phenyl-l,2.3,6-tetrahydropyridine  (XXV).  A  solution  of  4  g  of  piperidol  (XI) 

(m.p.  104-108“)  and  10  ml  of  propionyl  chloride  in  20  ml  of  dry  benzene  was  heated  with  0.2  g  of  magnesium 
in  a  sealed  ampule  at  130“  for  8  hours.  After  working  up  in  the  usual  way  by  isolating  die  base  and  distilling  in 
vacuum,  we  obtained  3  g  of  (XXV)  as  a  colorless,  mobile  liquid  with  b.p.  99-100*  at  2  mm. 
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The  hydrochloride  of  (XXV)  melted  at  186-188*  after  rccrystallization  from  alcohol. 


Found  N  5.88,  6.00.  Ci^jtNCl.  Calculated  N  5.60. 

1.2.5- Trimetl)yl-4-p-tolyl-1.2.3,6-tetrahydtopyridine  (XXVI).  2  g  of  piperidol  (IV)  (m.p.  136-138“), 

5  ml  of  propionyl  chloride,  12  ml  of  dry  benzene  and  0.1  g  of  metallic  magnesium  were  heated  in  a  sealed  ampule 
at  130-153*  for  5  hours.  After  working  up  in  the  usual  way  and  distilling  the  reaction  product  in  vacuum,  we 
obtaLied  1.3  g  of  (XXVI)  as  a  mobile,  colorless  liquid  with  b.p.  118-120*  at  3  mm. 

Found  %  :  N  6.95,  6.87.  CisHjiN.  Calculated  N  6.51. 

1.2. 5- Trimethyl -4-cyclohexyl- 1,2, 3, 6- tetrahydropyridine  (XXVH).A  solution  of  10  g  of  (V)  (m.p.  92- 
93.5*)  and  9.8  g  of  propionyl  chloride  in  10  ml  of  dry  benzene  was  heated  at  50-60*  for  12  hours  under  reflux. 

The  benzene  and  excess  propionyl  chloride  were  distilled  off  under  vacuum ;  the  residue  was  dissolved  In  20  ml 
of  water  and  treated  with  an  aqueous  solution  of  ammonia  in  the  presence  of  ether.  After  drying  and  distilling 
off  the  ether,  the  organic  bases  were  distilled  in  vacuum.  Fractions  were  obtained:  1st -80-84*  at  2  mm,  6.6 
g;  2nd-120-135*  at  2  mm,  1.6  g.  From  1  g  of  the  1st  fraction  we  obtained  a  picrate  (1.5  g)  of  (XXVII)  with 
m.p.  111-113*  (from  alcohol). 

Found  N  13.11,  13.03.  Calculated  N  12.84. 

From  1.6  g  of  die  2nd  fraction  we  obtained  a  picrate  (2.2  g)  of  l,2,5-trimethyl-4-cyclohexyl-4- 
piperidyl  propionate  (XVI)  with  m.p.  163-164*  (from  alcohol). 

Found  N  11.10,  11.06.  C1JH34O9N4.  Calculated  N  10.98.. 

1.2.5- Trimethyl-4-phenyltetrahydropyridine  (XXIX)  and  (XXX).  a)  20  g  of  the  y -Isomer  of  1,2,5- 
trimethyl-4-phenyl-4-piperidol  (m.p.  107-108*),  32  g  of  10%  sulfuric  acid  and  4  g  of  baked  copper  sulfate  were 
heated  for  4  hours  on  a  boiling  water  bath.  The  reaction  mixture  was  treated  with  soda  and  extracted  several 
times  with  ether.  After  drying  and  distilling  in  vacuum,  we  obtained  13.7  g  of  l,2,5-trimethyl-4-phenyltetra“ 
hydropyridine  as  a  colorless,  mobile  liquid  with  b.p.  92-94"  at  2.5  mm. 


Found  7o:  N  7.14,  7.06.  C14H19N.  Calculated  %:  N  6.96.. 

The  picrate  melted  at  125.5-126.5^  (from  alcohol). 

Found  %:  N  12.95,  12.76.  C20H21O7N4.  Calculated  %:  N  13.02. 

The  hydrochloride  melted  at  185-187"  (from  acetone). 

Found  %:  N  5.98,  6.11.  Ci4H2,NCl.  Calculated  N  5.89. 

Heating  6.4  g  of  tie  y -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  with  20  g  of  50<y<>  sulfuric  acid  for 
3  hours  and  working  up  the  reaction  product,  resulted  in  5.6  g  (after  recrystallization  from  benzine)  of  the 
starting  piperidol  with  m.p.  106-107*. 

b)  In  the  reaction  we  used  2.5  g  of  the  6 -isomer  of  1,2,5-trlmethyl-  4-phenyl-4-piperidol  (m.p.  101- 
102*),  4  g  of  70%  sulfuric  acid  and  0.5  g  of  anhydrous  copper  sulfate.  The  reaction  was  carried  out  as  described 
above.  We  obtained  1.8  g  of  l,2,5-trimethyl-4-phenyltetrahydropyridine  as  a  colorless,  mobile  liquid  with  b.p. 
81-82*  at  2  mm. 


The  picrate  melted  at  156-158*  (from  alcohol). 


Found  N  13.23,  13.22.  C,,Hn07N4.  Calculated  °]o-.  N  13.02. 


The  acetate  of  l,2,5-trimethyl-4-(2-methoxy-5-broinophenyI)-4-piperidol  (XXXI).  A  solution  of  5  g 
of  l,2,5-trimethyl-4-(2-methoxy-5-bromophenyl)-4-plperidol  (m.p.  165-166*)  in  50  ml  of  freshly  distilled 
acetic  anhydride,  saturated  with  hydrogen  chloride,  was  heated  for  3  hours  on  a  boiling  water  bath  and  tfien  for 
5  hours  at  130-135*.  After  distilling  off  the  excess  acetic  anhydride  in  vacuum,  washing  the  residue  with  ether 
and  benzene  and  recrystallizing  it  from  alcohol,  we  obtained  3  g  of  the  hydrochloride  of(XXXI)  with  m.p.  217.5- 
219.5*. 

Found  °lo:  N  3.84,  3.91.  CjYHjsOaNClBr.  Calculated  N  3.44. 

The  propionate  of  l,2,5-trimethyl-4-(2-methoxy-5-bromophenyl)-4-piperidol  (XXXII).  The  lithium 
alcoholate  of  l,2,5-trimethyl-4-(2-methoxy-5-bromophenyl)-4-piperidol  was  prepared  from  5.9  g  of  metallic 
lidiium,  103  g  of  p-bromoanisole  and  50  g  of  l,2,5-trimethyl-4-piperidone  in  150  ml  of  absolute  ether;  75.5 
g  of  propionyl  chloride  was  mn  in  on  the  following  day  with  vigorous  stirring  and  cooling  of  the  reaction  mixture 
in  ice  water.  The  product  was  worked  up  in  the  usual  way  to  isolate  the  organic  bases.  By  distillation  in 
vacuum,  we  isolated  28  g  of  (XXXII)  as  a  viscous  liquid  with  b.p.  157-161*  at  2  mm. 

The  hydrochloride  of  the  propionate  (XXXII),  in  the  initial  stages  of  the  preparation,  was  a  strongly 
hygroscopic  material,  which  deliquesced  in  air.  After  boiling  its  alcohol  solution  with  activated  charcoal  and 
recrystallizing  three  times  from  alcohol,  we  obtained  colorless,  unhygroscopic  crystals  of  the  hydrochloride 
of  the  propionate  (XXXII)  with  m.p.  180-184°. 

Found  %:  N  3.27,  3.36,  3.24.  CigHjTOsNClBr.  Calculated  %  N  3.34. 

The  picrate  of  the  propionate  (XXXII)  melted  at  202-205*  after  recrystallization  from  alcohol. 

Found  <7o:  N  8.95.  C24H2909N4Br.  Calculated  %:  N  9.13. 

On  distilling  the  reaction  product  in  vacuum,  besides  the  propionate  (XXXII)  we  obtained  6  g  of  a 
fraction  with  b.p.  66-129“  at  3  mm  and  17  g  of  a  substance  with  b.p.  129-136*  at  2.5  mm.  There  was  11  g  of  a 
tarry  residue  after  the  distillation. 

The  benzoate  of  l,2,5-trimethyl-4-(2-methoxy-  5-bromophenyl)-4-piperidol  (XXXni).  To  prepare  the 
lithium  alcoholate  of  l,2,5-trimethyl-4-(2-methoxy-5-bromophenyl)-4-piperidol  we  used  5.3  g  of  metallic 
lithium,  86  g  of  p-bromoanisole  and  45  gof  piperidone  (I).  100  g  of  benzoyl  chloride  was  added  dropwise  over 
5  hours  with  energetic  stining  and  cooling  of  die  reaction  mixture  in  ice  water.  Then  the  product  was  treated 
with  14%  hydrochloric  acid,  the  aqueous  solution  of  the  amine  hydrochloride  was  saturated  with  soda,  the  free 
base  was  extracted  with  ether  and  the  reaction  product  was  distilled  in  vacuum.  This  gave  a  complex  mixture 
of  different  reaction  products.  In  the  range  170-195*  24.5  g  of  a  very  viscous  liquid  distilled  over  and  a  second 
vacuum  distillation  of  this  yielded  4  g  of  l,2,5-trimethyl-4-(2-methoxy-5-bromophenyl)-4-piperidol(XIII)and 
14.5  g  of  an  almost  solid  residue,  which  gave,  on  dissolving  in  benzine  and  freezing,,  the  free  base  of  the  ben¬ 
zoate  (XXXm)  as  colorless  crystals  with  m.p.  138-139.6*  (after  three  recrystallizations  from  benzine). 

Found  %:  N  3.44,  3.33.  CjzHz^aNBr.  Calculated  %:  N  3.24. 

The  hydrochloride- of  the  benzoate  (XXXHI)  melted  at  230-232*  (from  (ilcohol). 

SUMMARY 

A  series  of  new  4-aryl-4-piperidols  and  their  esters  were  obtained  for  pharmacological  testing. 

The  introduction  of  substituents  Into  the  jdienyl  radical  of  promedol  and  compounds  similar  to  it, as  a 
mle, sharply  impairs  the  analgesic  effect  of  the  preparations,  while  the  analgesic  activity  completely  disappears 
with  the  introduction  of  bromine  and  methoxyl  [ester  (XXXII)]  but  the  compound  becomes  a  quite  strong 
anesthetic. 
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The  Introduction  of  a  carbon  chain  between  the  phenyl  and  piperidone  nucleus  of  promedol  also 
completely  destroys  die  analgesic  activity  of  the  preparation. 

The  substitution  of  the  phenyl  radical  in  promedol  by  a  cyclohexyl  radical  decreases  the  anesthetic 
effect  by  3-5  times. 
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HETEROCYCLIC  COMPOUNDS 
42.  SYNTHETIC  ANESTHETICS 
Vn.  ESTERS  OF  TERTIARY  AND  SECONDARY  4-PIPERIDOLS 

I.  N.  Nazarov  and  N.  S.  Prostakov 


The  synthesis  of  divinyl  ketones  [1]  accomplished  in  out  laboratories  opened  up  a  new  simple  way  of 
obtaining  various  six-membered  heterocyclic  y -ketones  and  among  them  y -piperidones  [2]  which  are  important 
starting  materials  for  the  synthesis  of  physiologically  active  compounds. 

In  previous  papers  we  described  the  synthesis  of  various  esters  of  4-aryl-4-piperidols,  among  which  were 
found  some  with  extremely  strong  analgesic  and  anesthetic  effects  (promedol,  isopromedol  etc.).  For  a  com¬ 
parative  pharmacological  investigation  we  synthesized  various  esters  of  4-piperidols  not  containing  aromatic 
substituents  in  the  piperidol  nucleus. 

The  reaction  of  l,2,5-trimethyl-4-piperidone  (I)  with  organomagnesium  and  organolithium  compounds 
was  used  to  obtain  l,2,5-trimethyl-4-alkyl-4-piperidols,  while  secondary  4-piperidols  were  obtained  by 
reducing  the  corresponding  piperidones. 


H  OH 

\/ 


H, 


A  J-cn, 

/\N/  3 


R'H 

J-CHs 


R'  OH 

\/ 

\/\ 


/ 


Cl  I, 


I 

R 


1,2,4, 5-Trimethyl-4-piperidol  (II)  was  obtained  in  low  yield  ( 17%)  by  treating  piperidone  (I)  with 
methylmagnesium  iodide  and  it  was  isolated  only  in  one  stereoisomeric  form.  Treatment  of  piperidone  (I) 
with  allylmagnesium  chloride  gave  l,2,5-trimethyl-4-allyl-4-piperidol  (HI)  in  the  same  low  yield  and  1,2,5- 
trimethyl-4-propyl-4-piperidol  (IV)  was  obtained  by  hydrogenating  it. 


O  CH,  OH  CH2=CH-CH2  oh  C3H7  OH 


II  i  I 

CHa  CH3  CH3  CH3 
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Treatment  of  piperidone  (I)  with  butyllithium  gave  l,2,6-trimethyl-4-butyl-4-piperldol  (V)  In  a  25^ 
yield  and  It  was  Isolated  in  only  one  stereoisomeric  form  with  m.p.  69>69.S*. 


C4HB  OH 

\/ 


3H, 


CH2=CH-C=C  oh 
\/ 
H.C-/  > 


'-CH3 


CH:, 


The  stereoisomer  of  butylpiperldol  (V)  described  with  m,p.  69-69.5*  differs  from  the  two  stereoisomeric 

l,2,5-trimethyl-4-butyl-4-piperidols  (m.p.  91-92*  and  111-112*),  synthesized  earlier  in  our  laboratory  [3]  by 
the  hydrogenation  of  the  corresponding  stereoisomeric  l,2,5-trimethyl-4-vInylethInyl-4-piperidols  and.thils,  it 
Is  the  third  of  the  four  theoretically  possible  stereoisomeric  forms  of  this  piperidol. 


C4H9  OH 


C4H9  OH  C4H9  OH 


C4H9  OH 
./ 


CH3 


2.5- Dimethyl-4-piperidol  (VII)  was  obtained  earlier  in  our  laboratory  [4]  in  three  stereoisomeric  forms 
with  m.p.  87,  98  and  142*  by  the  catalytic  hydrogenation  and  reduction  of  2,5-dimethyl-4-piperidone  (VI).  We 
obtained  the  same  piperidol  (VII)  isomers  by  heating  analcohol  solution  of  2,5-dimethyl-4-piperidone  with  sodium 
ediylate.  This  converted  about  1/3  of  the  material  into  2,5-dimethyl-4-piperidol  (VII)  while  the  remaining 

2/3  formed  an  oil  readily  soluble  in  water,  which  was, presumably,  a  condensation  product  of  2,5-dimethyl-4- 
piperidone.  l-Butyl-2,5-dimethyl-4-piperidone  (IX)  behaved  in  the  same  way  with  sodium  ethylate. 

1.2.5- Trimethyl-4-piperidol  (VIH)  was  obtained  in  80^0  yield  by  the  reductionof  piperidone  (I)  with 
sodium  in  alcohol.  The  crystalline  piperidol  (VIH),  described  earlier  [4],  with  m.p.  72-73*  was  isolated  from 
the  mixture  of  stereoisomeric  piperidols  thus  obtained.  In  the  same  way,  the  reduction  of  piperidol  (VIH)  gave 
an  82‘7o  yield  of  a  mixture  of  stereoisomers  of  l-butyl-2,5-dimelhyl-4-piperIdol  (X),  from  which  an  individual 
stereoisomer  with  m.p.  69-71*  was  isolated.  This  same  piperidol  (X)  was  obtained  by  treating  l-butyl-2,5- 
dimethyl-4-piperidone  with  sodium  etfjylate. 

The  reduction  of  l,2,5,6-tetramethyl-4-piperidone  (XI)  gave  a  complex  mixture  of  stereoisomeric 
l,2,5,6-tetramethyl-4-piperidols  (XH),  which  was  not  separated  and  was  used  directly  for  preparing  esters. 


0 

0 

0 

II 

II 

II 

/\ 

1  1 

H^C-pi 

1 

U-CH:. 

H,C-1^-CH3 

1 

H 

1 
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CH3 
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H  OH 
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H  OH 


H  OH 


n  -C4H9 


H  OH 

\/ 

HaC-l^-CHg 

in. 


Esterification  of  piperidol  (X)  with  acetyl,  propionyl  and  benzoyl  chlgrldes  gave  40,<55)  yields  of  the 
corresponding  esters -acetate  (XIH),  propionate  (XIV)  and  benzoate  (XV): 


H  OCOCH3 

H  OCOC2H5 

H  OCOCeHfi 

\/ 

\/ 

\/ 

H.C 

H3C-/\ 

HaC-ZN 

1 

n.-(34He 

1 

D.-C4H9 

1 

n.-C4H9 

In  the  same  way,  the  following  esters  of  piperidol  (Vni)  were  obtained:  cinnamic  (XVI),  acetylmandelic 
(XVn),  chloroacetlc  (XVni)  and  S-bromopropionic  (XIX): 


H  0C0CH=CHC6H5 


(1:h3 

(XVI) 


OCOCH3 

I 

H  OCOCHCbHb 

\/ 

H3C-/\ 

I 

CH3 

(xvn) 


H  OCOCH2CI 


CH3 

(xvni) 


H  OCOCHaCHzBr 

\/ 

HgCV^j 

U-CHa 

dlHs 


Of  the  group  of  esters  of  secondary  4-piperidols,  the  benzoic  and  p-aminobenzolc  esters  are  interesting 
as  anesthetics.  Treatment  of  piperidols  (VDI).  (X)  and  (XII)  with  p-nitrobenzoyl  chloride  gave  the  p-nltrobenzoic 
esters  (XX),  (XXI)  and  (XXII)  in  up  to  80<7<)  yield.  The  nitro  group  in  these  esters  was  reduced  to  the  amino  group 
either  by  catalytic  hydrogenation  on  Raney  nickel  or  with  stannous  chloride  in  hydrochloric  acid  ;  the  p-amino.- 
benzoates  (XXm),  (XXIV)  and  (XXV)  were  thus  obtained  almost  in  quantitative  yield : 


3155 


HgC 


H  0C0C«H4N0»p  H  OCOCaH4NOrP  H  OCOC8H4NO,-p 

./  V 
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J-CH, 


H3C-1 


.X 

c!:h3 

(XX) 
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According  to  the  data*of  Prof.  M.  D.  Mashkovsky's  pharmacological  laboratory  of  the  All-Union 
Institute  for  the  Scientific  Investigation  of  Chemical  Pharmaceutics,  the  p-aminobenzoic  esters  (XXXni),  (XXIV) 
and  (XXV),  as  well  as  the  p-nitrobenzoate  (XX),have  various  physiological  effects.  The  p-aminobenzoates 
have  a  strong  anesthetic  effect  and  of  them,  the  p-aminobenzoate  of  l,2,5-trimethyl-4-piperidol  (XXIU)  has  an 
activity  close  to  that  of  the  strongest  synthetic  anesthetic  -dicaine-but  with  much  lower  toxicity.  The  p-amino¬ 
benzoate  of  l,2,5,6-tetramethyl-4-piperidol  (XXV)  has  a  somewhat  weaker  effect  but  even  it  is  4-5  times  more 
active  than  novocaine.  The  introduction  of  an  additional  methyl  group  into  the  piperidine  nucleus  (see  the 
transition  from  ester  XXin  to  XXV)  results  in  a  decrease  in  anesdietic  activity  as  well  as  toxicityof  the  compound. 
The  benzoate  of  l-butyl-2,5-dimethyl-4-piperidol  (XV)  has  a  weak  anesthetic  effect;  it  is  approximately 
10  times  weaker  than  novocaine.  As  was  to  be  expected,  the  p-nitrobenzoate  of  l,2,5-trimethyl-4-piperidol 
(XX)  has  a  very  weak  anesthetic  effect,  but  similar  to  the  corresponding  p-aminobenzoate  (XXIII)  has  a  slight 
spasmolytic  effect  and  induces  a  slight  parasympathicolytic  and  cholinolytlc  action.  An  essential  drawback  of 
the  p-aminobenzoate  of  l,2,5-trimethyl-4-piperidol  (XXHI)  is  the  fact  that  aqueous  solutions  of  its  hydrochloride 
gradually  lose  their  activity  during  storage.  The  esters  of  1,2,5 -trimethyl-4-piperidol  (XVI),  (XVIII)  and  (XIX) 
have  no  interesting  physiological  effects. 


EXPERIMENTAL 

l,2,4,5-Tetramethyl-4-piperidol  (11).  Methylmagnesium  iodide  was  prepared  from  7.1  g  of  magnesium 
and  37.7  g  of  methyl  iodide  in  100  ml  of  absolute  ether.  The  methylmagnesium  iodide  obtained  was  cooled  in 
ice  water  and  stirred  while  15  g  of  piperidone  (I)  [2]  in  an  equal  volume  of  absolute  ether  was  gradually  run  in. 
On  the  following  day  the  reaction  mixture  was  hydrolyzed  with  15<^  hydrochloric  acid  (50  ml),  the  neutral 
products  were  extracted  with  ether  and  the  remaining  acidic  aqueous  solution  was  treated  with  potassium 
hydroxide  and  extracted  several  times  with  ether.  After  drying  with  baked  sodium  sulfate  and  distilling  the 
product  in  vacuum,  we  obtained  11  g  of  unreacted  piperidone  (I)  (b.p.  58*  at  6  mm)  and  2.6  g  of  piperidol  (H) 
with  b.p.  70-71*  at  3  mm.  There  was  1.1  g  of  residue  after  distillation.  The  substance  gradually  crystallized 
on  standing.  After  recrystallization  from  benzine  (b.p.  70-100*)  it  had  m.p.  87-88*. 

Found  <70:  N  9.20,-9.10.  CIjHisON.  Calculated  <^0:  N  8.92. 

li,  2, ,  5-Trimethyl-4-allyl-4-piperidol  (III).  In  the  reaction  we  used  8.7  g  of  magnesium,  25  g  of 
allyl  chloride,  20  g  of  piperidone  (I)  and  100  ml  of  absolute  ether.  The  reaction  was  carried  out  as  described 
above.  From  the  ether  extract  of  the  base,  after  evaporation  of  the  ether,  we  obtained  2.6  g  of  crystalline 
piperidol  (M),  which  melted  at  107-108*  after  recrystallization  from  benzine. 

Found  <70:  N  7.79,  8.07.  CnHjiON.  Calculated  N  7.65. 
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Vacuum  distillation  of  the  mother  liquor,  remaining  after  the  separation  of  the  crystalline  piperidol  (IQ), 
yielded  6.5  g  of  tlie  starting  piperidonc  (I)  and  2.5  g  of  a  high  boiling  fraction  (95-115*  at  3  mm),  which  formed 
a  strongly  hygroscopic  hydrochloride.  The  hydrochloride  of  l,2,5-trImethyl-4-allyl-4-piperidol,  prepared  by 
passing  dry  hydrogen  chloride  into  its  ether  solution,  was  colorless  crystals  with  m.p,  122-124*  (from  alcohol). 

1.2.5- Trimethyl-4-propyl-4-piperidol  (IV).  2  g  of  piperidol  (III),  dissolved  in  50  ml  of  alcohol,  was 
hydrogenated  over  Raney  nickel.  After  the  absorption  of  the  theoretical  amount  of  hydrogen  (245  ml,  20*,  765 
mm),  the  separation  of  the  catalyst,  evaporation  of  the  alcohol  under  reduced  pressure  and  recrystallization  of 
the  residue  from  benzine,  we  obtained  piperidol  (IV)  as  colorless  crystals  with  m.p.  86-87*. 

Found  N  7.57,  7.56.  CiiH2jON.  Calculated  °]o‘.  N  7.57. 

1.2.5- Trimethyl-4-butyl-4-piperidol  (V).  75  ml  of  absolute  ether  and  2.3  g  of  finely  cut  metallic 
lithium,  witli  all  the  oxide  layer  cleaned  off,  were  put  in  a  round  bottomed  flask  fitted  with  a  mechanical 
stirrer,  a  reflux  condenser,  a  dropping  funnel  and  an  inlet  tube  for  nitrogen.  With  continuous  stirring,  16  g  of 
butyl  bromide  was  gradually  run  in.  The  rate  of  addition  was  regulated  so  that  the  ether  boiled  all  the  time. 

After  the  introduction  of  ail  the  butyl  bromide,  the  reaction  mixture  was  stirred  for  1.5  hours  at  room  temperature. 
The  residual  lithium  was  separated  off  from  the  ether  solution  of  butyllithium  by  filtration  through  glass  wool  in 
an  atmosphere  of  nitrogen.  10  g  of  freshly  distilled  piperidone  (I)  was  gradually  added  from  the  dropping  funnel 
to  the  butyllithium  obtained  with  cooling  (from  -5  to  -10“)  and  after  this,  stirring  was  continued  at  room  temp¬ 
erature  for  a  further  1.5  hours.  On  the  following  day  40  ml  of  dilute  hydrochloric  acid  (1: 1)  was  added  with 
cooling  and  vigorous  stirring,  the  aqueous  layer  was  separated  and  treated  with  potassium  hydroxide  and  the  free 
base  was  extracted  4  times  with  ether.  After  drying  with  sodium  sulfate  and  distilling  the  product  in  vacuum, 

the  ether  extract  yielded  3.5  g  of  piperidol  (V)  with  b.p.  85-87“  at  2.5  mm,  which  crystallized  in  the  receiver. 
After  three  recrystallizations  from  petroleum  ether,  we  obtained  a  colorless  crystalline  product  witfi  m.p.  69- 
69.5*. 


Found  <7o:  N  7.16,  7.37.  CjjHzsON.  Calculated  %:  N  7.03. 

2,5-Dimethyl-4-piperidol  (VII).  7  g  of  metallic  sodium  was  dissolved  in  200  ml  of  anhydrous  alcohol 
and  then  32  g  of  freshly  distilled  piperidone  (VI)  (b.p.  61-63*  at  3  mm)  [2]  was  added.  The  solution,  which  w^ 
completely  colorless,  was  kept  for  3  days  at  room  temperature.  During  this  time  it  acquired  an  intense  red 
color.  After  5  hours  refluxing,  the  alcohol  was  distilled  off,  75  ml  of  water  was  added  to  the  residue,  the  aqueous 
solution  was  saturated  with  potash  and  the  product  was  extracted  several  times  with  ether.  After  drying  and 
distilling  off  the  ether,  the  reaction  product  was  distilled  in  vacuum.  We  obtained  10.2  g  of  a  viscous,  colorless 
liquid  with  b.p.  92-110*,  which  deposited  4.1  g  of  colorless  crystals  of  piperidol  (VII)  on  adding  ether.  After 
careful  washing  with  ether  it  melted  at  134-137*.  By  crystallization  from  anhydrous  alcohol  we  isolated  a  single 
high  melting  isomer  of  2,5-dimethyl-4-piperidol  with  m.p.  140.5-141*  [4]. 

Found  N  10.70,  10.86.  C7H15ON.  Calculated  N  10.85. 

Its  hydrochloride  melted  at  207-208“  after  recrystallization  from  a  mixture  of  alcohol  and  acetone. 

Found  %:  N  8,60,  8.60,  C7H16ONCI.  Calculated  °]o'.  N  8.45. 

The  picrate  of  the  high  melting  2,5-dimethyl-4-piperidol  (VII)  melted  at  181-181.5*  (from  alcohol). 

The  uncrystallizable  mother  liquor  remaining  after  the  separation  of  the  high  melting  isomer  of  2,5- 
dimethyl-4-piperidol  was  again  distilled  in  vacuum  and  converted  into  the  hydrochloride,  which  was  recrystallized 
from  anhydrous  alcohol  to  give  a  hydrochloride  with  m.p.  218-220*,  corresponding  to  the  a -isomer  of  2,5-dimethyl- 
4-piperidol  with  m.p.  98*. 

Found  N  8.24,  8.29.  C7HJ6ONCI.  Calculated  N  8.45. 
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On  distilling  the  reaction  product  in  vacuum,  besides  10.2  g  of  a  fraction  widi  b.p.  92“110*,  we 
obtained  a  residue  (19.5  g  ),  which  was  readily  soluble  in  water  and  hydrochloric  acid. 

1,2,5-Trimethyl -4-piperidol  (Vni).  In  the  reduction  we  used  30  g  of  plperidone  (I),  350  ml  of  anhydrous 
alcohol  and  35  g  of  sodium.  The  solid  reaction  mixture  was  treated  widi  15%  hydrochloric  acid  (350  ml),  die 
alcohol  was  distilled  off  under  reduced  pressure  and  the  residue  was  saturated  widi  caustic  potash.  The  organic 
bases  were  extracted  with  ether,  dried  with  baked  sodium  sulfate  and  distilled  in  vacuum.  We  obtained  23.1  g 
of  piperidol  (Vni)  witfi  b.p.  78-80*  at  4  mm  as  a  colorless,  viscous  liquid,  which  deposited  9.0  g  of  crystals  with 
m.p.  53-64*  on  long  freezing.  After  tliree  recrystallizations  from  benzine  we  isolated  one  of  the  stereoisomeric 

l, 2,5-trimethyl-4-piperidols  with  m.p.  72-73*..* 

Found  %;  N  9.46,  9.86.  CjHitON.  Calculated  %:  N  9.78. 

l-n-Butyl-2-5-dimeihyl-4-piperidol  (X).  a)  43  g  of  metallic  sodium  was  gradually  added  to  a  solution 
of  52  g  of  l-n-butyl-2,5-dimethyl-4-piperidone  (IX)  in  500  ml  of  anhydrous  alcohol.  The  base  was  Isolated  as 
in  the  previous  experiment.  On  distilling  the  reaction  product  in  vacuum  we  obtained  43.2  g  of  piperidol  (X) 
with  b.p.  94-95*  at  2.5  mm,  which  crystallized  in  the  receiver  and  melted  at  69-71*  after  recrystallizatioh 
from  benzene. 

Found  %:  N  7.64,  7.68.  CuHjjON.  Calculated  %:  N  7.57. 

The  hydrochloride  of  piperidol  (X)  melted  at  190-192*  after  recrystallization  from  anhydrous  alcohol. 

Found  %:  N  6.42,  6.39.  CUH24ONCI.  Calculated  %;  N  6.32. 

From  die  mother  liquor,  remaining  after  the  isolation  of  the  crystalline  piperidol  (X)  with  m.p.  69-71*, 
we  obtained  a  mixture  of  hydrochlorides  of  stereoisomeric  piperidols  (X)  with  m.p.  158-169*. 

Found  %:  Cl  15.70.  C11H24ONCI.  Calculated  %:  Cl  16.02. 

b)  3  g  of  sodium  was  dissolved  in  55  ml  of  anhydrous  Alcohol  and  then  10  g  of  piperidone  (DC)  was  run 
in.  The  mixture  was  boiled  for  6  hours.  The  alcohol  was  distilled  off  and  the  residue  was  dissolved  in  35  ml 
of  water  and  completely  saturated  with  potash.  The  base  was  extracted  with  ether  and  after  drying  was  distilled 
In  vacuum.  We  obtained  6  g  of  piperidol  (X)  with  h.p.  94-95*  at  2.5  mm,  which  crystallized  in  the  receiver. 
After  recrystallization  from  edier  it  melted  at  69-71*. 

The  acetate  of  l-n-blityl-2,5-dimethyl-4-piperidol  (XHI).  A  solution  of  5  g  of  piperidol  (X)  (b.p.  94- 
95*  at  2.5  mm)  in  20  ml  of  acetyl  chloride,  saturated  with  hydrogen  chloride,  was  boiled  for  1.5  hours.  After 
distilling  off  the  excess  acetyl  chloride  in  vacuum,  there  rem.ained  a  dark,  oily  mass,  which  was  washed  with 
five  portions  of  ether  and  then  dissolved  in  alcohol  and  boiled  with  activated  charcoal.  On  cooling,  very  slow 
crystallization  started.  We  obtained  2.2  g  of  crystals  of  the  hydrochloride  of  the  piperidyl  acetate  (XIH)  with 

m. p.  189-192*  (from  anhydrous  alcohol). 

Found  %:  N  5.28,  5.46.  C15H26O2NCI.  Calculated  %;  N  5.31. 

We  isolated  a  fraction  of  crystals  (0.2  g)  with  m.p.  117-125*,  which  was  a  mixture  of  hydrochlorides  of 
stereoisomeric  l-n-butyl-2,5-dimethyl-4-piperidyl  acetates. 

Found  %:  N  5.08,  5.02.  C15H26O2NCI.  Calculated  %:  N  5.31. 

The  propionate  of  l-n-butyl-2,5-dlmethyl-4-piperidol  (XIV).  We  used  3  g  of  piperidol  (X)  (m.p.  69-71*) 
and  20  ml  of  propionyl  chloride.  The  reaction  was  carried  out  as  described  above.  The  oil  remaining  after 
distilling  off  the  acetyl  chloride  crystallized  on  prolonged  rubbing  under  a  layer  of  ether.  We  obtained  3.1  g  of 
the  hydrochloride  of  l-n-butyl-2,5-dimethyl-4-piperidyl  propionate  (XIV),  which  melted  at  142-143*  after 
recrystallization  from  anhydrous  alcohol. 

•  Its  hydrochloride  melted  at  192-193*  [4]. 
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Found  '’Jo'.  N  5.15,  5.40.  Ci4Hj|02NCl.  Calculated  <70:  5.04. 

The  benzoate  of  l-n-butyl-2,5-dimetliyl-4-piperidol  (XV).  We  used  12.5  g  of  piperidol  (X)  (b.p.  94-95* 
at  2.5  mm)  and  52  g  of  benzoyl  chloride,  saturated  with  hydrogen  chloride.  The  reaction  was  carried  out  as 
described  above.  The  semicrystalline  mass,  remaining  after  distilling  off  the  benzoyl  chloride  in  vacuum, 
was  dissolved  in  anhydrous  alcohol  and  boiled  with  activated  charcoal.  By  separating  off  the  charcoal,  partially 
evaporating  tlie  solvent  and  cooling,  we  isolated  5.  8  g  of  the  hydrochloride  of  l-n-butyl-2,5-dimethyl-4- 
piperidyl  benzoate  (XV)  with  m.p.  209-211*. 

Found  N  4.55.  4.71 ;  Cl  10.96.  11.05.  CigHjgOjNCl.  Calculated  <7o:  N  4.30  ;  Cl  10.90. 

The  cinnamic  ester  of  l,2,5-trimethyl-4-piperidol  (XVI).  4.5  g  of  piperidol  (VIH)  (b.p.  78-80*  at  4  mm) 
and  12.4  g  of  cinnamyl  chloride  were  heated  at  90-100*  for  4  hours.  The  reaction  mixture  was  dissolved  in  30 
ml  of  water  and  washed  several  times  with  ether.  The  residue  was  treated  with  soda  in  the  presence  of  ether. 

After  drying  the  ether  solution  of  the  base  and  distilling  off  the  ether,  the  reaction  product  was  distilled  in 
vacuum.  We  obtained  5  g  of  the  cinnamyl  ester  (XVI)  as  a  thick  liquid  with  b.p.  157-159*  at  2.5  mm,  which 
set  to  a  glassy  mass.  From  this  ester  we  obtained  a  hydrochloride  which  melted  at  209-211*  after  recrystallization 
from  alcohol. 

Found  <7o:  N  4.73,  4.61.  CnHzPjNCl.  Calculated  N  4.52. 

The  acetylmandelic  ester  of  l,2,5-trimethyl-4-piperidol  (XVII).  8  g  of  piperidol  (VIH),  25  g  of  acetyl- 
mandelyl  chloride  (b.p.  120-123*  at  5  mm),  0.2  g  of  magnesium  and  10  ml  of  benzene  were  boiled  gently  for 
10  hours.  The  benzene  distilled  off  under  reduced  pressure  and  the  residue  was  dissolved  in  water  (200  ml)  and 
treated  with  soda  in  the  presence  of  ether.  By  distilling  the  residue  from  the  ether  extract  of  the  base  in  vacuum, 
we  obtained  9  g  of  the  acetylmandelic  ester  (XVII)  as  a  very  thick  liquid  with  b.p.  19f  at  1  mm. 

Found  <70 :  N  4.75.  4.59.  CigH2504N.  Calculated  %:  N  4.39. 

The  chloroacetate  of  l,2,5-trimethyl-4-piperidol  (XVni).  1.59  g  of  the  hydrochloride  of  1,2,5-trimethyl- 
4-piperidol  (m.p.  192-193“)  and  10  ml  of  chloroacetyl  chloride  were  boiled  gently  for  5  hours.  By  washing  the 
reaction  mixture  several  times  with  ether,  we  obtained  1.7  g  of  colorless  crystals  of  the  hydrochloride  1,2,5- 
trimethyl -4-piperidyl  chloroacetate  (XVni),  which  melted  at  200-202*  after  recrystallization  from  acetone. 

Found  %:  N  5.87,  5.53.  C10H19O2NCI2.  Calculated  %:  N  5.47. 

The  B-bromopropionate  of  l,2,5-ttimethyl-4-piperidol  (XIX).  In  the  reaction  we  used  1  g  of  piperidol 
(Vni)  and  2.4  g  of  8-bromopropionyl  chloride.  The  reaction  was  carried  out  as  described  above,  without  the 
isolation  of  the  free  base.  We  obtained  0.8  g  of  the  hydrochloride  of  l,2,5-trimethyl-4-piperidyl  B-bromo- 
propioiate  as  colorless,  needle-like  crystals  with  m.p.  174-175"  (from  acetone). 

Founder  N  4.29,  4.26.  CuHgjOjNBrCl.  Calculated  <70:  N  4.45. 

The  p-nitrobenzoate  of  l,2,5-trimethyl-4-piperidol  (XX).  50  g  of  the  mixture  of  stereoisomeric  1,2,5- 
trimethyl -4-piperidols  (b.p.  76-78*  at  3.5  mm)  described  above  and  71.3  g  of  p-nitrobenzoyl  chloride  were 
heated  on  a  boiling  water  bath  for  5  hours.  The  reaction  mixture  was  washed  several  times  with  etiier  and  then 
dissolved  in  50  ml  of  water.  The  acidic  aqueous  solution  was  twice  treated  with  ether  with  vigorous  shaking  in 
a  separating  funnel  and  then  with  soda  in  the  presence  of  a  fresh  portion  of  ether.  After  drying  over  baked  sodium 
sulfate  and  subsequent  distillation  of  the  base,  we  obtained  the  following  fractions;  Ist-b.p.  68-80*  at  2.5  mm, 

8.5  g;  2nd-b.p.  171-185*  at  2.5  mm,  58  g;  residue  after  distillation  3  g. 

The  1st  fraction  completely  crystallized  in  the  receiver.  After  recrystallization  from  benzine  we 
obtained  piperidol  (VIII)  with  m.p.  72-73*.  The  2nd  fraction  was  converted  into  the  hydrochloride,  which  was 
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rccrystallized  from  alcoliul  to  give  18.5  g  of  the  hydrochloride  of  l,2,5-uimethyl-4-piperidyl  p-nitrobenzoate 
(XX)  with  m.p.  204-206*. 

Found  N  8.24,  8.14.  C15H21O4N2CI.  Calculated  <7,,:  N  8.52. 

Tl»e  remaining  fractions  of  crystals  were  mixtures  of  hydrochlorides  of  the  p-nitrobenzoates  of  the 
stcreoisomeric  forms  of  l,2,5-trimetliyl-4-piperidol. 

Found  N  8.42,  8.67.  C15H21O4N2CI.  Calculated  N  8.52. 

Tlie  analysis  was  carried  out  on  the  fraction  of  the  crystalline  hydrochloride  with  m.p.  186-193*. 

l,2,5,6-Tctramethyl-4-piperidol  (XII).  150  g  of  metallic  sodium  was  gradually  added  to  a  solution  of 
70  g  of  piperidone  (XI)  (b.p.  74-75*  at  7  mm)  in  1500  ml  of  anhydrous  alcohol.  The  reaction  mixture  was  heated 
for  2  hours  on  a  boiling  water  bath  and  then  acidified  with  15%  hydrochloric  acid  (to Congo) ;  the  alcohol  was 
distilled  off  under  reduced  pressure  and  the  residue  was  saturated  with  potassium  hydroxide.  The  bases  were 
extracted  with  ether  and  after  drying,  distilled  in  vacuum.  We  obtained  34  g  of  piperidol  (XII)  with  b.p.  76- 
78*  at  2.5  mm  [4]. 

The  p-nitrobenzoate  of  1,2,5 ,6-tetramethyl-4-piperidol  (XXII).  16  g  of  a  mixture  of  stereoisomeric 
piperidols  (XII)  and  26.5  g  of  p-nitrobenzoyl  chloride  were  heated  for  2.5  hours  on  a  boiling  water  bath  and  2 
hours  at  120-125*.  After  the  usual  working  up  we  obtained  16.5  g  of  the  p-nitrobenzoate  (XII)  with  b.p.  183- 
185*  at  2.5  mm.  There  was  13  g  of  residue  after  distillation. 

The  hydrochloride  of  this  ester  melted  at  200-205*  after  recrystallization  from  anhydrous  alcohol. 

Found  %;  N  8.28,  8.47.  Ci6Ht304N2Cl.  Calculated  %:  N  8.17. 

The  p-nitrobenzoate  of  l-n-butyl-2,5-dimetliyl-4-piperidol  (XXI).  We  used  2  g  of  piperidol  (X)  (m.p 
69-71*)  and  4  g  of  p-nitrobenzoyl  chloride.  The  reaction  was  carried  out  as  described  above.  We  obtained  3.6 
g  of  the  hydrochloride  of  l-n-butyl-2,5-dimetliyl-4-piperidyl  p-nitrobenzoate  with  m.p.  199-200“  (from 
anhydrous  alcohol). 

Found  %:  N  7.77.  7.78.  CigH2704N2Cl.  Calculated  %:  N  7.55. 

The  p-aminobenzoate  of  l,2,5-trimethyl-4-piperidol  (XXIII).  4,1  g  of  the  hydrochloride  of  1,2,5- 
trimethyl-4-piperidyl  p-nitrobenzoate,  dissolved  in  100  ml  of  alcohol,  was  hydrogenated  over  Raney  nickel. 

After  the  absorption  of  880  ml  of  hydrogen  (23*.  740  mm),  a  colorless  precipitate  of  the  monohydrochloride  of 
the  p-aminobenzoate  (XXni)  came  out,  which  was  difficultly  soluble  in  alcohol,  but  dissolved  on  the  addition 
of  10  ml  of  water.  After  separation  of  the  catalyst,  evaporation  of  the  alcohol  and  water  under  reduced  pressure 
and  recrystallization  from  anhydrous  alcohol,  we  obtained  3  g  of  the  monohydrochloride  of  l,2,5-trimethyl-4- 
piperidyl  p-aminobenzoate  (XXIII)  as  colorless  crystals  with  m.p.  260*,  which  were  difficultly  soluble  in  alcohol 
but  readily  soluble  in  water. 

Found  %:  N  9.19.  9.21.  C15H23O2N2CI.  Calculated  %:  N  9.38. 

The  p-aminobenzoate  of  l,2,5,6-tetramethyl-4-piperidol  (XXV).  A  mixture  of  35  g  of  stannous  chloride, 
40  ml  of  hydrochloric  acid'(d  1.18)  and  40  ml  of  ethyl  alcohol  was  added  to  a  solution  of  9  g  of  the  hydrochloride 
of  l,2,5,6-tetramethyl-4-piperidyl  p-nitrobenzoate  in  120  ml  of  ethyl  alcohol,  heated  to  50*.  The  reaction 
mixture  was  heated  on  a  boiling  water  batlt  for  5  hours.  The  alcohol  was  distilled  off  under  reduced  pressure  and 
tfie  residue  was  dissolved  in  30  ml  of  water  and  treated  with  soda  in  the  presence  of  ether.  After  drying  with 
baked  sodium  sulfate,  the  ether  solution  of  the  base  was  treated  with  dry  hydrogen  chloride.  The  precipitate  of 
the  dichloride  of  1,2,  5,6-tetramethyl-4-piperidyl  p-aminobenzoate  (XXV)  melted  at  211-213*  (with  decomp.) 
after  recrystallization  from  anhydrous  alcohol. 
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Found  N  7.71,  7.76.  Ci^HjANjCI,.  Calculated  N  8.04. 

The  p-amlnobenzoate  of  l-n-butyl-2.5-dimethyl-4-plperidol  (XXIV).  0.25  g  of  the  hydrochloride  of 
l-n-butyl-2,5-dimetliyl”4-piperidyl  p-nitrobenzoate  (m.p.  199-200*),  dissolved  in  20  ml  of  ethyl  alcohol,  was 
hydrogenated  over  Raney  nickel.  After  working  up  in  the  usual  way  we  obtained  0.2  g  of  die.  monohydrochloride 
of  the  piperidol  p-aminobenzoate  (XXIV)  as  colorless  crystals  with  m.p.  254-255*. 

Found  N  8.46,  8.38.  CuH^OzNiCl.  Calculated  N  8.22. 

SUMMARY 

The  esterification  of  l,2,5-trimethyl-4-piperidol  (Vni),  l,2,5,6-tetramethyl-4-piperidol  (XII)  and  1-n-^ 
butyl*2,5'  dimethyl-4-piperidol  (X)  with  acid  chlorides,  for  pharmacological  tests,  gave  a  series  of  esters  of  diese 
alcohols  (acetates,  propionates,  benzoates,  p-aminobenzoates,  cinnamates  etc).  The  p-aminobenzoic  esters  of 
l,2,5-trimethyl-4-piperidol  and  l,2,5,6-tetramethyl-4-piperidol,  (XXm)  and  (XXV),  have  high  anesthetic 
activity  with  a  relatively  low  toxicity. 
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SYNTHESIS  OF  1 -B  ENZO  YL -4 -(  6 -C  A  RBET  HOX  Y  -  d  -  FO  RM  YLETH  YL  ) - 

-PIPERIDINE  ACETAL 

L.  H.  Yakhontov  and  M.  V.  Rubtsov 

During  our  study  of  piperidine  derivatives  we  obtained  l-benzoyI-4-(0-carbethoxy-0 -hydroxymethyl)- 
piperidine  (I)  for  the  first  time.  This  compound,  which  is  of  interest  as  an  intermediate  for  the  synthesis  of  4- 
subsdtuted  piperidines  and  of  some  quinuclidine  derivatives,  exists  in  two  geometric  forms.  Condensation  of 
l-benzoyI-4-(S-carbethoxyethyl)-piperidine  [1]  with  ethyl  formate  in  the  presence  of  metallic  sodium  gave 
an  unstable  form  of  (I),  which  was  a  thick  pale  yellow  oil. 
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On  standing  for  several  days  the  oil  was  converted  into  colorless  crystals  with  m.p.  114-115*  [stable  form 
of  (I)  ] .  Neither  of  the  geometric  isomers  contained  an  aldehyde  group,  but  were  hydroxymethylene  derivatives 
and  this  was  proved  by  suitable  reactions  (see  the  experimental  part).  The  crystalline  isomer,  in  contrast  to  ihe 
unstable  isomer,  did  not  react  with  ferric  chloride  at  the  hydroxymethylene  group.  The  crystalline  isomer  was 
converted  into  the  unstable  liquid  isomer  by  heating  to  120*  and  subsequently  cooling.  An  analogous  example 
of  geometric  isomerism  has  been  described  for  hydroxymeihylenephenylacetic  ester  [2]. 

The  conversion  of  the  hydroxymethylene  derivative  into  the  acetal  of  the  formyl  derivative  has  been 
described  for  hydrox)rmethylenephenylacetonitrile  [3J,  a-formylhippuric  [4]  and  a-formylphenaceturic  [5] 
esters  where  the  corresponding  acetals  were  obtained  by  heating  the  hydroxymethylene  derivative  with  a  1% 
alcohol  solution  of  hydrogen  chloride.  l-Benzoyl-4-(0-ethoxymethylene-/3-carbethoxyethyl)-piperidine  (H)  was 
formed  by  applying  this  same  method  to  l-benzoyl-4-(0 -hydroxymethylene- 0-carbethoxyethyl)-piperidine  (I). 
Acetal  (HI)  was  obtained  simply  by  treating  (I)  with  orthoformic  ester  [6].  It  was  shown  that  the  best  results 
were  obtained  by  using  two  moles  of  orthoformic  ester  per  mole  of  hydroxymethylene  derivative.  l-Benzoyl-4- 
(0-bromo-0-carbethoxy-0-formylethyl)-piperidIne  acetal  (IV)  was  obtained  by  treating  acetal  (HI)  with  bromine 
in  chloroform  at  room  temperatiure. 
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EXPERIMENTAL 


l-Benzoyl-4-(B-hydroxymettiylcne-3-carbetlioxyethyl)-piperidme  (I).  A  mixture  of  14.5  g  of  1-benzoyl- 
4-(0-carbetlioxyethyl)-piperidinc  and  18.5  g  of  etJiyl  formate  was  added  with  stirring  over  a  period  of  1  hour  to 

l. 2  g  of  metallic  sodium  in  50  ml  of  anhydrous  etlier  at  >^21  Stirring  was  continued  at  this  temperature  for 

6  hours.  During  this  time  die  sodium  reacted.  The  reaction  mixture  was  treated  with  50  ml  of  water  and  the 
unrcacted  l-benzoyl-4-(6-carbetlioxyethyl)-piperidine  was  extracted  with  ether.  After  distilling  off  the  ether 
and  distilling  the  residue  in  vacuum,  we  recovered  7.0  g  of  starting  material.  The  aqueous  solution  was 
separated,  treated  with  50  ml  of  acetic  acid  and  extracted  with  ether.  The  ether  solution  was  shaken  with  fused 
potasli  and  the  etlier  was  distilled  off  in  vacuum.  We  obtained  8.5  g  of  a  light  yellow,  oily  material.  The 
material  was  insoluble  in  water  and  aqueous  solutions  of  acids  and  carbonates,  was  soluble  in  organic  solvents 
and  aqueous  solutions  of  alkalis,  gave  a  positive  reaction  for  a  double  bond  (with  potassium  permanganate  and 
bromine)  and  for  a  hydroxymethylene  group  (with  ferric  chloride)  and  did  not  give  a  reaction  for  an  aldehyde 
(with  sodium  bisulfite,  with  Schiffs  reagent  and  with  silver  oxide).  The  light  yellow  oily  material  was  the 
unstable  form  of  l-benzoyl-4-(0-carbethoxy-0-hydroxymethyleneethyl)-piperidine ;  on  standing  for  5  days  in 
a  vacuum  desiccator,  it  was  converted  into  the  stable  geometric  isomer,  which  was  colorless  crystals  with 

m. p.  114-115*,  poorly  soluble  in  ether  (  1;  400),  acetone  and  water,  insoluble  in  aqueous  solutions  of  acids  and 
carbonates  and  readily  soluble  in  alcohol,  chloroform,  benzene,  toluene  and  aqueous  solutions  of  alkalis. 

The  stable  isomer  did  not  give  a  reaction  for  a  hydroxymethylene  group  with  ferric  chloride  but  gave  a 
positive  reaction  for  a  double  bond  (with  potassium  permanganate  and  bromine).  The  substance  did  not  contain 
a  formyl  group  (negative  reactions  with  sodium  bisulfite,  Schiffs  reagent  and  silver  oxide).  By  heating  to  120“  and 
subsequent  cooling,  the  crystalline  isomer  was  converted  into  the  unstable,  liquid  isomer,  which  had  the  properites 
described  above.  The  stable  isomer  was  analyzed. 

Found  C  68.13;  H7.53;  N  4.52.  Ci8H2304N.  Calculated  C  68.17;  H  7.25 ;  N  4.41. 

l-Benzoyl-4-(B-etlioxymethylene-B-carbethoxyethyl)-piperidine  (II).  A  mixture  of  1.8  g  of  (I)  and  18 
ml  of  l<7o  alcohol  solution  of  hydrogen  chloride  was  boiled  for  9  hours.  The  excess  alcohol  was  distilled  off  in 
vacuum  and  the  residue  was  dissolved  in  ether.  The  etlier  solution  was  treated  with  a  5P]o  alkali  solution  to 
remove  the  unreacted  hydroxymetliylene  derivative.  From  the  alkaline  solution,  after  acidification  with  acetic 
acid,  we  isolated  0.6  g  of  starting  material.  After  separation  of  the  latter,  the  ether  solution  was  dried  with 
potash,  the  ether  was  distilled  off  and  the  residue  was  distilled  in  vacuum  at  0.3  mm.  We  obtained  a  thick, 
colorless,  oily  substance  with  b.p.  268-269“,  which  according  to  properties  and  analysis  data  was  l-benzoyl-4- 
(6-etlioxymethylene-S-carbethoxyethyl)-piperidine  (II).  The  yield  was  1.0  g  (77%). 

The  substance  was  soluble  in  organic  solvents,  and  insoluble  in  water  and  aqueous  solutions  of  acids  and 
alkalis:  it  gave  positive  reactions  for  a  double  bond  with  bromine  and  potassium  permanganate,  nj®  1.5259. 

Found  %;  0  69.64,69.77;  H  8.03,  8.30  ;  N4.12;  OCjHg  25.99.  C20H27O4N.  Calculated  %:  C  69.56; 

H  7.82  ;  N  4.06  ;  OC2H5  26.08. 

The  acetal  of  l-benzoyl-4-(  3-carbetlioxy-g-formylethyl)-piperidine  (HI).  A  mixture  of  12.5  g  of  (I), 

24  ml  of  anhydrous  alcohol,  12  ml  of  ortho  formic  ester  and  0.03  g  of  ammonium  chloride  was  boiled  for  1.5 
hours.  Then  the  reaction  mixture  was  evaporated  down  in  vacuum  and  the  residue  dissolved  in  25  ml  of  ether ; 
the  unreacted  hydroxymethylene  derivative  was  extracted  from  the  ether  solution  with  5%  aqueous  potassium 
hydroxide.  The  alkaline  solution  was  acidified  with  acetic  acid  and  extracted  with  ether.  From  the  ether 
exuact  we  isolated  5.9  g  of  starting  material.  The  ether  solution,  containing  the  acetal  of  l-benzoyl-4-(3- 
carbethoxy-3-formylethyl)-piperidine,  was  dried  with  potash,  the  ether  distilled  off  in  vacuum  and  the  colorless, 
thick  oil,  which  was  obtained,  was  distilled  in  vacuum.  The  b.p.  was  298-300“  at  0.3  mm.  The  yield  was  6.1 
g  (72%). 

The  substance  was  readily  soluble  in  the  usual  organic  solvents,  insoluble  in  water  and  aqueous  solutions 
of  acids  and  alkalis  and  did  not  give  a  positive  reaction  for  a  double  bond  with  potassium  permanganate. 
n*jl.5288. 
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Found  ojo:  C  67.34;  H  8.62  ;  N  3.67,  3.72;  OC,Hb  33.80.  CnHjsOgN.  Calculated  ojoi  C  67.52  ; 
H  8.44  ;  N  3.58  ;  OC2H5  34.27. 


The  acetal  of  l-benzoyl-4-(8-carbethoxv-6-formvl-fl-bronioethvl)-piperidlne  (IV).  A  solution  of  0.4 
g  of  bromine  in  5  ml  of  anhydrous  chloroform  was  added  over  a  period  of  3  hours  wiA  stirring  at  room  temperamre 
to  a  solution  of  0.8  g  of  acetal  (III)  in  5  ml  of  dry  chloroform.  Stining  was  continued  for  a  fiirAer  5  hours. 

During  this  time  the  solution  acquired  a  light  yellow  color.  The  chloroform  was  distilled  off  in  vacuum,  at 
first  at  30*  and  then  at  6S*.  The  residue  was  dried  in  a  vacuum  desiccator  over  alkali  and  paraffin.  We  obtained 
0.95  g  (99<7o)  of  the  acetal  (IV)  as  a  light  yellow,  thick  oil.  The  substance  was  readily  soluble  in  organic  solvents 
and  insoluble  in  water. 

Found  <^oi  Br  16.98  ;  N  2.79.  CjjHszOsNBr.  Calculated  Br  17.02  ;  N  2.98. 

SUMMARY 

1.  l-Benzoyl-4-(3-carbethoxy-B-hydroxymethyleneethyl)-piperidlne  was  synthesized  by  condensing 
l-benzoyl-4-(6-carbethoxyethyl)-piperidine  with  ethylformate  ;  both  the  geometric  isomers  of  this  compound 
were  obtained  and  their  interconversion  was  carried  out. 

2.  The  conditions  were  found  for  converting  l-benzoyl-4-(0-carbethoxy-3-hydroxymefiiylenethyl)- 
piperidine  into  the  ethoxymethylene  compound  and  into  l-benzoyl-4-(;6-carbethoxy-0-fotmylethyl)-piperidine 
acetal.  l-Benzoyl-4-(0-carbethoxy-6-formyl-0-bromoethyl)-piperidine  acetal  was  obtained  by  btominating 
the  latter  compound. 
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CYANOETHYLATED  KETONES  IN  THE  SYNTHESIS  OF  UNSATURATED 

5  -LACTONES 


Vn.  ISOMERIC  BENZOTETRAHYDRDCOUMARINS* 

N.  P.  Shusherina,  R.  Ya.  Levina  and  V.  I.  Zdanovich 


As  we  have  reported  earlier  [1,2],  unsaturated  5  -lactones  with  a  condensed  system  of  rings  may  be 
readily  obtained  from  cyanoethylated  cyclic  ketones.  Thus,  ^A**^****  -hexahydrocoumarin  was  obtained  from 
monocyanoethylated  cyclohexanone,  while  5,6-cyclopentano-3,4-dihydro-a-pyrone  was  obtained  from  mono-' 
cyanoethylated  cyclopentanone: 
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This  method  was  applied  in  the  present  work  for  the  synthesis  of  two  new  unsaturated  5  -lactones  witii 
a  condensed  system  of  three  rings—  5,6-benzo-A®*^*  —  tetrahydrocoumarin  (HI)  and  7,8-benzo- A**^*  rtetra- 
hydrocoumarin  (VI).  The  benzotetrahydrocoumarins,  which  are  similar  in  structure  to  santonin,  are  extremely 
interesting  from  the  point  of  view  of  their  possible  physiological  activity.  These  two  isomeric  benzotetra¬ 
hydrocoumarins  were  synthesized  according  to  the  following  scheme : 


*  For  report  VI  see  Proc.  Acad.  Sci.  USSR,  109,  No,  1  (1956). 
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As  can  be  seen  from  tlie  equation  given,  monocyanoethylated  a -and  6-tetralones  were  used  as  starting 
materials.  Cyanoetiiylated  S-tetralones  are  not  described  in  tlie  literature.  Cyanoethylation  of  a-tetralone  was 
described  by  Bruson  and  Riener  [3J  vho  obtained  a  dicyanoethyl  derivative  by  this  reaction;  monocyanoethylated 
a  -tetralone  was  not  obtained.  Experimentation  enabled  us  to  obtain  monocyanoethylated  0  -  and  a  -tetralones. 
The  nitriles  —  l-(fl -cyanoethyl)-tetralone-2  (I)  and  2-(fl -cyanoethyl)-tetralone-l  (IV)  —  were  then  hydrolyzed. 

The  hydrolysis  of  monocyanoetliylated  6 -tetralone  was  carried  out  by  heating  the  nitrile  with  a  mixture 
of  concentrated  hydrochloric  and  acetic  acids  ;  attempts  to  hydrolyze  with  an  aqueous  solution  of  caustic  potash 
as  well  as  with  concentrated  hydrochloric  acid  were  unsuccessful.  It  is  interesting  to  note  that  we  could  not 
isolate  the  corresponding  5  -keto  acid  (11)  when  hydrolyzing  monocyanoethylated 0  -tetralone  (I)  as  its  hydrolysis 
immediately  resulted  in  the  unsaturated  5  -lactone-5,6-benzo-i^*'i®-tetrahydrocoumarin  (IE).  The  lactone, 
obtained  in  80%  yield,  dissolved  completely  on  heating  in  an  aqueous  solution  of  caustic  soda  and  when  the 
solution  was  subsequently  acidified,  the  lactone,  and  not  a  keto  acid,  was  isolated*  .  The  alcoholysis  of  lactone 
(HI)  gave  the  ethyl  ester  of  the  corresponding  keto  acid;  l-(0-carbetlioxyethyl)-tetralone-2  (VII),  which  was 
characterized  as  the  semicarbazone. 


\^\  I  NaOH  CvHjOH  /CH2CH2COOC2H5 

Y  ^.C-CHaCHgCOONa  (ni)  T  V 

Hri  HCI 


I  Ir* 
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According  to  analysis  data,  the  unsaturated  lactam  (Vni)  5,6-benzo-A***"  -  tetrahydro-  a-quinolone) 
was  obtained  by  die  action  of  an  aqueous  alcoholic  ammonia  solution  on  lactone  (III)  in  the  cold  ;  heating  the 
lactone  with  an  aqueous  ammonia  solution  gave  the  amide  of  l-(  0-carboxyethyl;-tetralone-2  (IX): 


‘NHa 

Heating 


(HI)  NHa  . 
In  the  cold 


•  It  follows  from  this  that  the  6 -keto  acid  (H),  corresponding  to  monocyanoethylated  0 -tetralone,  is 
incapable  of  existing  and  in  the  moment  of  formation,  in  the  absence  of  any  kind  of  dehydrating  agent,  is 
converted  into  the  corresponding  lactone  (HI) :  this  is,  apparently,  due  to  the  great  lability  of  the  hydrogen  atom 
in  the  a  -position  (activated  by  the  carbonyl  group  and  benzene  nucleus)  and  is  related  to  the  readiness  of  the 
keto  acid  to  transform  into  die  enol  form,  required  for  lactone  formation. 
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Hydrolysis  of  monocyanoetiiylated  a-tetralone  (IV)  with  a  mixture  of  concentrated  hydrochloric  and 
acetic  acids  gave  a  keto  acid  (V)  which  was  converted  by  heating  with  acetic  anliydride  into  an  unsaturated 
lactone  7 ,8-benzo-A**^®  "-tctrahydrocoumarin  (VI).  Lactone  (VI)  was  readily  hydrolyzed(V)  and  alcoholyzed 
(X).  According  to  analysis  data,  2-(6-carboxyethyl)-tetralone-l  amide  (XI)  was  obtained  by  the  action  of  an 
aqueous  ammonia  solution  on  die  lactone.  Thus,  in  this  case  the  ammonolysis  of  the  lactone  did  not  result  in 
an  unsaturated  lactam  as  was  die  case  in  die  cold  ammonolysis  of  lactone  (HI). 


NH, _ 

In  the  cold 


(VI) 


AHgOH 

HCl 


EXPERIMENTAL 

Cyanoethylation  of  d-tetralone* .  In  a  three  jiecked  flask,  fitted  with  a  stiner,  a  thermometer  and  a 
reflux  condenser,  we  placed  43  g  (0.5  moles)  of  0-tetralone  (b.p.  134-135*  at  9  mm),  235  ml  of  dioxane  and 
2  ml  of  a  30%  solution  of  potassium  hydroxide  in  methyl  alcohol  and  added  dropwise  26.5  g  (0.5  moles)  of 
acrylonitrile  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  exceed  40*.  At  the  end  of  the 
addition  of  the  acrylonitrile,  the  reaction  mixture  was  stirred  at  room  temperature  for  4  hours  and  was  left 
overnight.  After  distilling  off  the  dioxane  and  distilling  the  residue  in  vacuum,  we  obtained  l-O-cyanoefliyl)- 
tetralone-2,  which  is  not  described  in  the  literature,  in  a  yield  of  34.6  g,i.e.  35%  of  the  theoretical  and  55% 
calculated  on  the  B-tetralone  used  in  the  reaction. 

B.  p.  187-188*  at  6  mm,  202-204*  at  10  mm.  n^  1.5635,  d^®  1^367,  MRd  56.96;  calc.  56.21. 

EMp  0.75*  •.  ■* 

Found  %:  0  77.94,78.16;  H  6.70,  6.66.  C13H13ON.  Calculated  %:  C  78.36;  H  6.66. 

Preparation  of  5,6~benzo"A®*^®  “-tetrahydrocoumatrin  (IP).  A  mixture  of  26  g  of  the  above  prepared 
nitrile,  96  ml  o(  concentrated  hydrochloric  acid.  24  ml  of  water  and  40  ml  of  acetic  acid  was  boiled  for  5  hours, 
diluted  with  water  and  extracted  with  ether.  After  distilling  off  the  ether  and  acetic  acid  and  distilling  the 
residue  •  •  •  in  vacuum,  we  isolated  16  g  of  (HI) ;  the  yield  was  88% 

B.p.  192-19?  at  8  mm,  m.p.  99-100*  (from  alcohol). 


•  The  0-tetralone  was  prepared  by  reducing  the  ethyl  etiier  of  6-na|^thol  [4]  and  also  by  the  reduction  of  6- 
naphthol  with  sodium  in  liquid  ammonia  [5,6]. 


•  •  Exaltation  of  die  molecular  refraction  (  ~0.8)  is  characteristic  of  compounds  of  the  tetralin  series. 


•  •  •  By  recrystallization  of  the  residue  (without  distilling  it)  we  obtained  the  same  lactone  with  m.p.  99-100*. 
Consequently,  this  disproves  the  h}rpothesis  that  the  hydrolysis  product  of  cyanoethylation  of  B-tetialone  is  the 
keto  acid  (11),  which  lactonizes  on  distillation  (as  described  for  several  keto  acids  [1]  ). 
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Fouiid  <51):  €  77.70,77.93;  H  6.31,  6.25.  CijHijOi.  Calculated ‘^o:  C  77.97 ;  H  6.39. 


5,6-benzo-A**^®  -  teualiydrocoumarin  is  not  described  in  the  literature. 

Livestigation  of  die  lactone  (III).  Attempted  isolation  of  a  keto  acid  by  alkaline  hydrolysis  of  the 
lactone.  5  g  of  the  lactone  was  heated  with  10  ml  of  a  20%  aqueous  solution  of  sodium  hydroxide  until  it 
dissolved  completely  (20*30  minutes  );  after  acidifying,  an  oil  was  isolated,  which  was  the  starting  lactone 
(3.5  g)  :  b.p.  193-195*  at  8  mm  ;  m.p.  98*99"  (from  alcohol).  A  mixed  m.p.  with  the  starting  lactone  was  not 
depressed. 

Ammonolysis  of  the  lactone.  5  g  of  die  lactone  was  dissolved  in  the  cold  in  25  ml  of  a  concentrated 
aqueous  solution  of  ammonia  and  10  ml  of  alcohol ;  an  oil  separated,  which'  crystallized  on  standing  ;  m.p. 
176-17T  (from  ethyl  acetate).  According  to  die  analysis,  we  obtained  a  substance,  which  was  the  unsaturated 
lactam  (VIIl)-5,6-beiizo-A**^®  “  tetrahydro- a-quinolone  (not  described  in  the  literature). 

Found  %:  N  7.51,  7.48.  CijHijON.  Calculated  %:  N  7.53. 

On  heating  the  lactone  (3  g)  with  a  concentrated  aqueous  solution  of  ammonia  and  subsequently  cooling 
die  solution,  a  white  crystalline  substance  precipitated,  which  melted  at  189-190"  (from  ediyl  acetate),  and 
according  to  analysis  data,  was  the  amide  of  l-(0-carboxyethyl)-tetralone-2  (IX)  (not  described  in  the  literature). 

Found  %:  N  6.53,  6.71.  CijHigOzN.  Calculated  %:  N  6.45. 

Alcoholysis  of  die  lactone.  A  solution  of  5  g  of  the  lactone  in  50  ml  of  absolute  alcohol  was  saturated 
widi  hydrogen  chloride  while  cooled.  The  reaction  mixture  was  poured  into  water  and  extracted  with  ether. 

The  l-(6-carbethoxyethyl)-tetralone-2  (not  described  in  the  literature)  obtained  had  the  following  constants: 

B.  p.  162.5"  at  4  mm,  1.5394,  1.1333,  MFd  68.22.  CigHijOalj.  Calc.  MRd  67.33.  EK^)  0.89. 

The  semicarbazone  of  the  ester  had  m.p.  158-159"  (from  alcohol). 

Found  %:  N  13.90,  13.81.  C16H21O3N3.  Calculated  %:  N  13.86. 

Cyanoethylation  of  a-tetralone*  .  For  the  preparation  of  monocyanoethylated  a-tetralone  (IV)  we  used 
die  method  described  above  for  the  monocyanoethylation  of  0-tetralone,  with  the  difference  that  for  the  same 
amount  of  ketone  3  ml  of  catalyst  was  used.  The  yield  was  30%  of  the  theoretical  and  80%  calculated  on  the 
a-tetralone  which  reacted  (not  described  in  the  literature). 

B.p.  204-206"  at  8  mm,  m.p.  58-60"  (from  petroleum  ether). 

Found  %;  C  78.09,  78.37 ;  H  6.74,  6.66.  C13H13ON.  Calculated  %:  C  78.37 ;  H  6.66. 

Hydrolysis  of  monocyanoethylated  g-tetralone  into  the  keto  acid  (V).  A  mixture  of  10  g  of  nitrile,  50 
ml  of  concentrated  hydrochloric  acid,  10  ml  of  water  and  25  ml  of  acetic  acid  was  boiled  for  8  hours.  The 
precipitated  crystals  of  die  keto  acid  (V)  (9.2  g, yield  82.5%)  melted  at  107"  (from  aqueous  dioxane).  According 
to  [9]  die  m.p.  is  107-108". 

Preparation  of  7,8-benzo*  A**^**“tetrahydrocoumarin  (VI).  .  A  mixture  of  9.2  g  of  the  keto  acid  and  50  ml 
of  acetic  anhydride  was  boiled  for  5  hours.  After  distilling  off  the  acetic  anhydride,  the  residue  quickly 
crystallized.  The  yield  was  83%,  m.p.  74.5-75*  (from  benzine)  (not  described  in  the  literature). 

Found  %:  €  77.78,78.02  ;  H  6.11,  6.12.  C13H12O2.  Calculated  %:  C  77.98  ;  H  6.39. 


•  The  a-tetralone  was  prepared  by  oxidizing  tetralin  with  atmospheric  oxygen  [7]  with  subsequent  treatment: 
of  die  reaction  mixture  obtained  with  a  solution  of  chromic  acid  in  acetic  acid  [8]. 


Investigation  of  the  lactone  (VI).  Hydrolysis  of  the  lactone.  0.5  g  of  the  lactone  was  dissolved  In  8  ml 
of  a  20‘7o  aqueous  solution  of  potassium  hydroxide  and  boiled  for  10  minutes ;  the  cdoled  soluticm  was  acidified 
with  concentrated  hydrochloric  acid.  The  hydrolysis  product  isolated)  the  keto  acid  (V)  2-(0-carboxyethyl)- 
tetralone-1.  melted  at  106-10T  (from  aqueous  dioxane).  A  mixed  melting  point  with  ihe  authentic  keto  acid 
was  not  depressed. 

Alcoholysis  of  the  lactone.  A  solution  of  5.3  g  of  the  lactone  in  50  ml  of  anhydrous  alcohol  was  saturated 
with  hydrogen  chloride.  After  the  usual  working  up  we  isolated  2-(0-carbethoxyeAyl)-tetralone-l  (not  described 
in  the  literature). 

B.  p.  182-183*  at  6  mm,  n^  1.5330,  d^  1.1206,  68.27.  CijHifO*.  Calc.  67.32,  EMq  0.95. 

The  semicarbazone  of  2-(6-carboxyethyl)-tetralone-melted  at  157-168*  (horn  alcohol). 

Found  «7o:  N  13.80  ;  14.05.  CieHnOsNj.  Calculated  7o;  N  13.86. 

Ammonolysis  of  lactone.  To  a  mixture  of  1  g  of  the  lactone  and  2  ntl  of  alcohol  was  added  8  ml  of 
concentrated  aqueous  ammonia  ;  considerable  evolution  of  heat  ocanerf  and  immediately  a  crystalline  material 
was  precipitated  with  m.p.  147-1 48*  (from  alcohol) ;  it  did  not  decolorize  bromine  water.  According  to  analysis 
data  the  material  was  the  amide  of  2-(6-carboxyethyl)-tetralone-l  (XI)  (not  described  in  the  literature). 

Found  %:  N  6.79,  6.76,  CuHifiOjN.  Calculated  <7o:  N  6.45. 

SUMMARY 

1.  A  method  was  developed  for  obtaining  new  unsaturated  5  -lactones  with  a  condensed  system  of  three 
rings-5,6-benzo- A  9,10-tetrahydrocoumarin  and  7,8-benzo-A  9,10-tetrahydrocoumarin. 

2.  The  structure  of  the  unsaturated  5  -lactones  obtained  was  confirmed  by  their  chemical  reactioni- 
hydrolysis,  alcoholysis  .ammonolysis. 

3.  The  preparation  of  monocyanoethylated  derivatives  of  a -and  0-tetralone  is  described  for  die  first 

time. 

4.  Some  new  derivatives  of  a -and  S-tetralone  are  described:  l-(0-cyanoethyl)-tetralone-2.  2-(6- 
cyanoethyl)-tetralone-l.  5,6-benzo-A  9,10-tetrahydrocoumarin,  7,8-benzo-A  9,10-tetrahydrocoumarin,  1-(B- 
carbethoxyethyl)-tetralone-2,  2-(8  -carbethoxyethyl)-tetralone“l„amides  of  l-(6-carboxyethyl)-tetralone-2  and 
2-(6-carboxyethyl)-tetralone-l,  5,6,-benzo-A  9,10-tetrahydro-a-quuiolone. 
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BARBITURIC  ACIDS 


V.  METHYLENEMALONIC  ESTER  IN  DIENE  SYNTHESIS 
SPIROBARBirURIC  ACIDS 

R.  Ya.  Levina,  Yu.  S.  Shabarov  and  L.  A.  Chervoneva 


Mediylenemalonic  ester  is  an  active  dienophile  [1,2].  It  even  reacts  with  those  butadiene  homologs 
whose  first  or  fourth  atoms  of  the  conjugated  system  are  attached  to  two  alkyl  groups  [1]  ;  it  is  known  that 
maleic  anhydride  does  not  react  with  dienes  of  similar  structure. 

In  our  previous  paper  [1]  we  described  the  reaction  between  methylenemalonic  ester  widi  some  cyclic 
and  acyclic  diene  hydrocarbons-cyclopentadiene,  cyclohexadiene,  piperylene,  isoprene  and  2,4-dimethyl- 
pentadiene-1,3.  These  reactions  make  it  possible  to  obtain  esters  of  cyclohexene-gem-dicarboxylic  acids, 
which  may  be  obtained  only  with  difficulty  by  other  means  and  which  could  be  used  in  reactions  characteristic 
for  malonic  esters. 

The  reaction  between  methylenemalonic  ester  and  bicyclic  dienes-l,l’-dicyclopentenyl  and  1,1'- 
dicyclohexenyl  was  studied  in  this  work. 

l,l'-Dicyclopentenyl  and  methylenemalonic  ester  gave  the  ester  of  a  tricyclic  gem-dicarboxylic  acid 
of  the  cyclopentan-tetrahydroindan  series,  5,5-dicarbethoxy-  6',7-cyclopentane-A  7,8-tetrahydroindan  (I),  which 
was  characterized  by  hydrolysis  into  a  dibasic  acid  (II)  and  conversion  (by  treatment  with  urea)  into  the 
corresponding  polycyclic  spirobarbituric  acid  (III): 


By  reaction  with  methylenemalonic  ester,  l,l’-dicyclohexenyl  was  converted  into  the  ester  of  a  gem- 
dicarboxylic  acid  of  the  dodecanhydrophenanthrene  series,  9,9-dicarbethoxy-A  4a,5a-dodecanhydrophenantfirene 
(IV),and  the  hydrolysis  of  the  latter  gave  the  corresponding  monobasic  acid  (V)*  ,  while  reaction  witii  urea 

*  An  attempt  has  been  described  to  obtain  this  acid  by  saponification  of  the  corresponding  nitrile  (product  of 
acrylonitrile  addition  to  l,l,*-dicyclohexenyl).  However,  an  amide,  stable-  to  hydrolysis  and  tfie  action  of  nitric 
acid, was  the  main  reaction  product  [3], 
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gave  a  polycyclic  spirobarbituric  acid  (VI): 


EXPERIMENTAL 

1,1*  -Dicyclopentenyl  (b^p^  81-82“  at  10  mm,  1.5237  dl*  0. 9352)  was  prepared  by  dehydration  of  1,1’- 
dihydroxydicyclopentyl  with  acetic  anhydride  [4]  and  1,1*  -dicyclohexenyl  (b.p.  123-124*  at  15  mm,  n^ 

1.53l9)by  dehydration  of  Ijl’ -dihydroxydicyclohexyl  with  sulfuric  acid  [5]. 

Addition  of  methylenemalonic  ester  to  l,r-dicyclopentenyl.  26.2  g  of  the  solid  polymer  of  methyl- 
enemalonic  ester  (m.p.  152-154*),  prepared  by  treating  formalin  with  malonic  ester  in  the  presence  of  diethyl- 
amine  [6],  was  depolymerized  in  a  stream  of  nitrogen  by  heating  to  220-240“  in  a  Wurtz  flask;  the  monomer 
formed  (23  g,  0.13  mole)  was  distilled  off  into  the  reaction  flask  into  which  was  placed  15  ml  of  dry  benzene. 

At  the  end  of  the  depolymerization  10.2  g  (0.075  mole)  of  l,l’-dicyclopentenyl  was  put  into  the  flask  and  the 
reaction  mixture  was  heated  for  6  hours  on  a  boiling  water  bath  with  stirring.  After  distilling  off  the  benzene  and 
distilling  the  reaction  product  twice  in  vacuum,  we  isolated  12,5  g  (54%)  of  5,5rdicarbethoxy-6,7-cyclopentano- 
A  7,8-tetrahydroindan  (I)  (not  described  in  the  literature). 

B.p.  183-184*  (9  mm),  n“  1.4930,  d^®  1.0924,  MRj3  81.41.  C18H26O4  .  Calc.  81.56. 

Hydrolysis  of  5,5-dicarbethoxy-6,7-cyclopentano-A  7,8-tetrahydroindan.  2.5  g  of  the  ester  obtained  was 
boiled  for  3  hours  on  a  water  bath  with  a  solution  of  1.2  g  of  potassium  hydroxide  in  40  ml  of  ethyl  alcohol. 

Then  the  alcohol  was  distilled  off  from  the  reaction  mixture  and  the  residue  was  treated  with  dilute  hydrochloric 
acid  (1 : 1).  The  precipitate  was  filtered  off  and  washed  with  water  and  ligroin.  We  obtained  1.7g(85%)  5,5-dicar- 
bethoxy-6,'iK:yclopentanoA  7,8<etrahydroindan  (II)  (not  described  in  the  literature).  After  recrystallization 
from  large  volumes  of  aqueous  alcohol  the  acid  had  m.p.  198-199“  (with  decomp). 

Found  %:  C  66.85,  67.03  ;  H '115,  7.17.  Ci4Hig04.  Calculated  %:  C  67,18  ;  H  7.24. 

The  molecular  weight  of  the  acid  obtained  was  determined  by  titrating  it  with  sodium  hydroxide  solution. 

Found  %:  M  251.  Ci4Hig04.  Calculated:  M  250.3. 

Spitobarbituric  acid  from  5,5-dicarbethoxy-6,7-cyclopentano-A  7,8-tetrahydroindan.  To  sodium  alcoholate 
(14  g  of  sodium  in  25  ml  of  anhydrous  ethyl  alcohol)  was  added  8  g  (  0,135  mole)  of  urea  and  7.4  g  (0.024  mole) 
of  tile  ester- the  addition  product  of  methylenemalonic  ester  and  dicyclopentenyl. 

The  reaction  mixture  was  heated  6  hours  on  an  oil  bath  (120-140“)  in  a  flask  with  a  reflux  condenser, 
after  which  the  alcohol  was  evaporated  off  and  the  remaining  oil  was  treated  with  dilute  hydrochloric  acid 
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(1 : 1)  until  acid.  The  precipitate  was  filtered  off  and  washed  with  peuoleum  ether  (to  remove  unreacted  adduct). 
We  obtained  1.6  g  (  25‘7o)  of  spirobarbituric  acid  (HI)  (not  described  in  the  literature),  which  melted  at  185-186^ 
(decomp)  after  recrystallization  from  alcohol. 

Found  “/o:  €  65.91,65.82  ;  H  6.92,  6.79.  CisHnOjNi.  Calculated  €  65.68:  H  6.61. 

Addition  of  metliylenemalonic  ester  to  l,l'-dicyclohexenyl.  The  reaction  between  methylenemalonic 
ester  (22  g,  0.12  mole)  and  l,l*-dicyclohexenyl  was  carried  out  byiie  method  described  above  for  l.l’-dicyclo- 
pentenyl. 

After  distilling  off  the  benzene  and  distilling  the  residue  in  vacuum  we  collected  a  fraction  with  b.p.  170- 
200*  (6  mm),  which  crystallized  on  standing. 

We  obtained  15.1  g  (74<7o)  of  9,9-dicarbethoxy-A  4a,5a-dodecahydrophenanthrene  (IV)  (not  described  in  the 
literature). 

B.p.  182-184*  (6  mm) ;  m.p.  66-67*  (ficom  alcohol). 

Found^o:  €71.21,71.34;  H  9.11,  9.12.  €2oH3o04.  Calculated  <7o;  €71.82;  H  9.03. 

Hydrolysis  of  9,9-dicarbethoxv-A  4a,5a-dodecahydrophenanthrene.  4  g  of  9.9-dicarbeihoxy-A  4a,5a- 
dodecahydrophenanthrene  was  boiled  in  a  flask  with  a  reflux  condenser  for  3  hours  widi  a  solution  of  1.8  g  of 
potassium  hydroxide  in  60  ml  of  ethyl  alcohol  (on  a  water  hath).  After  distilling  off  die  alcohol,  the  residue  was 
treated  with  dilute  hydrochloric  acid  (1:1);  the  viscous  oil  formed  was  separated  from  the  water ;  on  mbbing 
with  ligroin  it  crystallized.  The  crystals  were  washed  with  water  and  ligroin  and  recrystallized  from  large 
volumes  of  aqueous  alcohol.  We  obtained  2  g  (71%)  of  the  monobasic  acid  (V)  with  m.p.  147.5-148.5*. 

Found  %:  M  238  (by  titration).  €i5H2202.  Calculated  %:  M  234.3. 

Reported  for  9,9-dicarbethoxy  -A  4a, 5a-  dodecahydrophenanthrene  [3] :  m.p.  148-150*. 

Spirobarbituric  acid  from  9,9-dicarbethoxy-A  4a,5a-dodecahydrophenanthrene.  To  an  alcohol  solution  of 
sodium  alcoholate  (1.4  g  in  50  ml  of  anhydrous  ethyl  alcohol)  Was  added  8  g  (0.135  mole)  of  urea  and  after  It 
had  dissolved,  7.2  g  (0.024  mole)  of  9,9-dicarbethoxy-A  4a,5a-dodecahydrophenanthrene.  The  reaction  mixture 
was  heated  on  an  oil  bath  in  a  flask  with  a  reflux  condenser  for  6  hours  at  120-140*,  after  which  the  precipitated 
sodium  salt  was  separated  off  on  a  centrifuge  and  treated  with  dilute  hydrochloric  acid  (1:1)  until  acid.  We 
obtained  spirobarbituric  acid  (VI)  which  was  dried  in  air  and  recrystallized  from  alcohol  (yield  0.5  g,  7.5%).  The 
m.p.  of  (VI)  was  267-268*  (with  decomp)  (not  described  in  the  literature). 

Found  %:  €  67.38,67.18;  H  7.47,  7.32.  €i7H2203N2.  Calculated;  €67.51;  H  7.33. 


SUMMARY 

1.  It  was  shown  that  diene  synthesis  proceeds  readily  (in  boiling  benzene  solution)  between  methylene¬ 
malonic  ester  and  bicyclic  diene^  dicyclopen tenyl  and  dicyclohexenyl,  and  leads  to  the  formation  of  esters  of 
tricyclic  gem-dicarboxylic  acids  which  have  not  been  described  in  the  literature-5,5-dicarbethoxy-6,7- 
cyclopentan-A  7,8-tetrahydroindan  and  9,9-dicarbethoxy-A  4a,6a-dodecahydrophenanthrene  (in  54  and  74% 
yield). 

2.  The  esters  obtained  of  gem-dicarboxylic  acids  were  converted  by  treatment  with  urea  (in  the  presence 
of  sodium  ethylate)  into  the  corresponding  polycyclic  spirobarbituric  acids  (not  described  in  tiie  literature). 

LITERATURE  CITED 

[1]  R.  Ya.  Levina  and  N.  N.  Godovikov,  J.  Gen.  Chem.  25,  986,  2522  (1955)  (T.  p.  951)*. 


3175 


[2]  G.  B.  Bachman,  H.  A.  Tanner,  J.  Org.  Ch.,  4,  493  (1939). 

[3]  E.  D.  Bergmann,  H.  Davies,  R.  Pappo,  I.  Org.  Ch.,  17,  1331  (1952). 

[4]  R.  Ya.  Levina,  V.  R.  Skvarchenko  and  O.  Yu.  Okhlobystin,  J,  Gen.  Chem.  25,  1466  (1955)  (T.  p.  1411).» 

[5]  I.  N.  Nazarov,  and  L.  V.  Torgov,  J.  Gen.  Chem.  22,  228  (1952)  (T.  p.  281).* 

[6]  R.  Ya.  Levina  and  N.  N.  Godovikov,  J.  Gen.  Cheqi.  24,  1342  (1954). 

Received  September  17,  1955  Moscow  State  University 


•  T.  p.  =  C.  B.  Translation  pagination. 


3176 


INVESTIGATIONS  IN  THE  FIELD  OF  ALKANESULFO  ACIDS 


XV.  CHLORINATION  OF  ANILIDES  OF  ALKANESULFO  ACIDS 
A.  G.  Kostsova,  N.  M.  Yanova  and  Z.  N.  Sushko 


The  chlorination  of  alkanesulfoamides  has  been  little  studied.  However.we  had  previously  shown  that 
N-dichlorosulfoamide  was  formed  by  the  action  of  elementary  chlorine  on  an  aqueous  solution  of  chlorometliane- 
sulfoamide  [1].  Later  [2]  a  whole  series  of  N-dichloroamides  of  alkanesulfo  acids  were  obtained  by  die  same 
method  and,  moreover,  the  bleaching  and  germicidal  properties  of  these  compounds  were  also  demonstrated. 

From  the  patent  literature  it  is  known  that  N-chloroamides  are  also  formed  by  the  chlorination  of  N-alkylamide 
[3].  Chlorination  of  N-arylamides  of  alkanesulfo  acids  is  not  described  in  the  literature.  Chattaway  [4]  showed 
that  N-chloroanilides  are  formed  by  the  action  of  hypochlorous  acid  or  bleaching  powder  on  a  chloroform  solution 
of  aromatic  sulfo  acid  anilides  in  a  neutral  medium,  as  in  acidic  or  alkaline  media  regrouping  of  N-chloroanilidc 
takes  place  with  the  transfer  of  halogen  from  nitrogen  into  the  aromatic  nucleus  and  in  an  acidic  medium  Ae 
regrouping  goes  mainly  into  the  para -position;  in  alkali*  however,  it  goes  into  the  ortho -position.  N-chloro- 
2,4-dichloroanilide  is  formed  by  chlorinating  the  anilide  with  excess  bleaching  powder  in  glacial  acetic  acid. 

It  seemed  interesting  to  study  the  effect  of  elementary  chlorine  on  the  anilides  of  various  alkanesulfo 
acids.  We  used  ethane-and  butanesulfoanilides  for  this  purpose.  The  chlorination  was  carried  out  under  various 
conditions.  Colorless  crystalline  materials  with  a  characteristic  smell  were  isolated  by  carrying  out  the  reaction 
in  carbon  tetrachloride  and  cooling  it  to  from  0  to  -5*  in  the  presence  of  ZnO  which  was  the  reagent  for  bonding 
the  HCl  produced.  Quantitative  analysis  for  N,  S  and  Cl  showed  that  they  were  dichloro  derivatives  of  the 
anilide.  The  properties  of  these  compounds  were  typical  of  N-arylamides:  they  dissolved  in  dilute  alkali  from 
which  they  were  again  separated  by  acidifying,  they  dissolved  readily  in  organic  solvent,  but  with  difficulty  in 
•water ;  they  did  not  give  a  reaction  for  active  chlorine  with  KI  nor  did  they  have  the  smell  typical  of  N-chloro? 
amides ;  they  formed  sodium  salts  when  treated  with  metallic  sodium  in  an  ether  solution ;  furthermore,  the 
salt  was  a  white  amorphous  powder  in  the  case  of  ethanesulfodichloroanilide  while  it  was  a  sticky,  viscous  mass 
in  the  case  of  butanesulfodichloroanilide.  Both  salts  were  readily  decomposed  by  hydrochloric  acid  with  the 
formation  of  the  original  dichl  or  oanilide  and  NaCl.  N-acetyl  derivatives  were  formed  by  acetylation  of  the 
dichloroanilides  with  acetic  anhydride,  although  in  this  case  the  acetylation  occurred  under  more  drastic  con¬ 
ditions  than  with  unsubs  tituted  anilides.  Methylation  of  the  dichloroanilides  proceeded  with  great  difficulty  with 
the  formation  of  viscous,  difficultly  identifiable  products,  while  at  the  same  time  unchlorinated  anilides  were 
readily  methylated. 

It  was  thus  established  that  when  anilides  are  chlorinated  with  elementary  chlorine  in  carbon  tetrachloride, 
the  hydrogen  atom  at  the  nitrogen  is  not  involved  and  that  both  chlorine  atoms  go  into  the  aromatic  nucleus.  The 
reaction  may  be  expressed  by  equation  (1) : 

RSOzNHCbHs  -t-  2CI2  ■+•  ZnO  -►  RSO2NHC0H3CI2  ZnClg  ■+■  H2O. 


The  formation  reactions  of  the  sodium  salt  and  dichloroanilide  N-acetyl  derivatives  may  be  expressed  by 
equation  (2)  and  (3): 
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2RSO2NHCUH3CI2  -H  2Na  2RSO..NNaCBH3Cl2. 

_ pu  COOH  /COCH;) 

RSO-NHCuHaCl.,  -h  (CH3C0)20 - RS02N< 

\CbH,CI2. 

The  yield  of  ethanesulfodichloroanilide  was  up  to  95%  tfiat  of  butanesulfodichloroanilide  up  to  72% 

The  same  products  were  obtained  but  in  much  lower  yields  by  carrying  out  the  reactions  under  the  same 
conditions  but  without  ZnO  :  thus,  for  example,  34-35%  of  ethanesulfodichloroanilide  was  formed  and  8-9%  of 
butanesulfodichloroanilide.  Zinc  oxide  was  used  by  us  as  a  reagent  for  bonding  the  HCl  produced  during  the 
reaction  but  it  is  very  probable  that  the  zinc  chloride,  formed  by  the  reaction  of  the  oxide  with  HCl,  plays  the 
part  of  an  active  catalyst  in  tliis  reaction. 

It  is  known  from  die  literature  [5],  that  the  sulfoamide  group  is  ortho  and  para  directing.  On  this  basis, 
we  assumed  a  structural  formula  for  the  dichloroanilides  obtained  by  us  to  be  (A): 


Cl _ 

rso,nh<^ _ 

(  A) 


We  carried  out  tlie  hydrolysis  of  tliese  compounds  to  verify  this  structure.  As  a  rule,  the  original  product 
remained  unchanged  by  boiling  for  several  hours  at  first  in  a  7-8%  and  then  in  a  15%  solution  of  caustic  alkali, 
which  indicates  the  high  stability  of  dichloroanilides  to  cleavage  in  an  alkaline  medium.  The  hydrolysis  was 
carried  out  by  boiling  for  several  hours  witli  sulfuric  acid,  diluted  1 : 1.  2,4-dichloroaniline  with  m.p.  62"  was 
isolated  by  adding  alkali  to  the  acidic  solution  in  both  ethane-and  butanesulfodichloroanilide  hydrolysis,  although 
the  hydrolysis  of  the  latter  took  longer  titan  that  of  tJie  former. 

Chlorination  of  the  anilides  in  an  alkaline  medium  resulted  in  the  same  dichloroanilide  in  the  case  of 
ethanesuifoanilide,  while  no  pure  product  could  be  isolated  in  the  case  of  butanesulfoanilide  althougli,  presumably, 
butanesulfodichloroanilide  was  also  formed. 


EXPERIMENTAL 

The  starting  anilides  were  prepared  by  the  method  which  we  described  earlier  [6]. 

1.  Chlorination  of  etltanesulfoanilide.  To  5  g  of  ethanesuifoanilide,  suspended  in  35  ml  of  carbon 
tetrachloride,  was  added  2,2  g  of  ZnO  and  with  cooling  to  0  to-5",  a  strong  stream  of  chlorine  was  passed  in  for 
1  hour  15  minutes.  The  reaction  mixture  heated  up  to  8-10".  The  etltanesulfoanilide  dissolved  in  the  CCI4.  In 
proportion  to  the  extent  of  chlorination,  tlie  amount  of  ZnO  noticeably  decreased.  At  the  end  of  tlte  chlorination 
the  reaction  mixture  was  left  to  stand  till  the  next  day.  W'aite  crystals  gradually  deposited,  which  were  separated 
off  and  dried.  The  yield  was  6.5  g  (95.5%).  After  recrystallization  from  alcohol  and  water,  the  m.p.  was  67*. 
The  product  was  readily  soluble  in  alcohol,  acetone,  ether,  benzene  and  other  organic  solvents  and  also  in  dilute 
alkali,  from  which  it  was  again  isolated  by  acidification.  It  dissolved  in  water  only  on  boiling.  Iodine  was  not 
liberated  from  potassium  iodide  in  an  acid  medium. 

Chlorination  of  ethanesuifoanilide  in  carbon  tetrachloride  with  zinc  oxide  in  half  the  amount  given  above 
(1^  a  mole  to  1  mole  of  anilide)  showed  that  the  yield  of  dichloroanilide  considerably  decreased  (to  78.6%) 
and  chlorination  of  the  same  amount  of  anilide  in  tlte  absence  of  zinc  oxide  gave  a  yield  of  35.3%  of  the 
dichloroanilide. 

Found  %:  N5.52:  Cl  27.85;  S  12.38.  CgHjCjNSClj.  Calculated  %:  N  5.51 ;  Cl  27.96 ;  S  12.59. 
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2.  Chlorination  of  butanesulfoanillde.  9,6  g  of  butanesulfoanilide  In  36  ml  of  carbon  tetrachloride  and 
in  die  presence  of  3.7  g  of  zinc  oxide  was  chlorinated  for  1.6  hours  as  in  the  previous  experiment.  The  yield  of 
product  was  9.06  g  (72%).  It  was  recrystallized  from  alcohol  and  water.  The  m.p.  was  69-70*.  The  dichloroaniUde 
had  a  characteristic  smclU  The  solublity  was  similar  to  the  solubility  of  the  previous  product.  Chlorination  of 
butanesulfoanilide  with  half  the  amount  of  zinc  oxide  used  In  the  above  experiment  gave  31%  yield  of  the 
dichloroanilidc.  Chlorination  of  the  same  amount  of  anilide  without  zinc  oxide  lowered  the  yield  of  dichloroanllide 
to  8.46%, 

Found  %:  N  4.97  ;  Cl  26.23  :  S  11.08.  CioHijOiNSClj.  Calculated  %:  N  4.96  ;  Cl  26.19  ;  S  11.34. 

3.  Chlorination  in  an  alkaline  medium.  A  strong  stream  of  chlorine  was  passed  for  1.6  hours  with  stirring 
Into  5  g  of  ethanesulfoanilide,  dissolved  in  20  ml  of  7.5%  alkali  solution,  cooled  to  from  0  to-3*.  During  the 
chlorination  a  greyish  solid  product  precipitated  from  the  solution  and  at  the  end  of  the  chlorination  it  was 
separated  off  and  dissolved  in  ether ;  the  ether  solution  was  washed  with  water,  separated  from  the  water  and 
dried  with  calcium  chloride.  Then  the  ether  was  distilled  off  and  the  residue  crystallized  after  standing  for  a 
day.  The  yield  was  5.9  g  (86.7%).  After  recrystallization  from  alcohol  and  -water,  the  product  melted  at  66-67* 
and  dissolved  in  organic  solvents  and  dilute  alkali,  from  which  it  was  isolated  on  acidification.  With  acetic 
anhydride  it  formed  an  N -acetyl  derivative  with  m,p.  126-127*. 

Found  %:  N  5.58.  CgHgOiNSClj.  Calculated  %:  N  5.51. 

On  chlorinating  butanesulfoanilide  in  an  alkaline  medium  a  very  impure  product  was  isolated,  which 
could  not  be  identified. 

4.  Preparation  of  the  sodium  salt  of  ethanesulfodichloroanilide,  0.091  g  of  sodium  was  added  in  small 
pieces  to  a  solution  of  1  g  of  ethanesulfodichloroanilide  in  10  ml  of  absolute  ether.  We  observed  the  copious 
evolution  of  bubbles  of  hydrogen  and  the  gradual  formation  of  a  white  turbidity.  After  several  hours  standing, 
all  the  metallic  sodium  reacted.  A  white  amorphous  precipitate  formed,  which  was  filtered  off  and  washed  with 
absolute  etlier.  The  yield  of  the  salt  was  0.9  g  (83.3%).  The  salt  was  readily  soluble  in  cold  water  whereupon 
the  solution  was  accompanied  by  hydrolysis,  the  stage  of  which  was  determined  by  titration  of  the  alkali  liberated. 
On  treating  the  salt  with  hydrochloric  acid  it  decomposed  to  give  the  original  dichloroanllide. 

Found  %:  N  5.04.  CgHgOiNSClzNa.  Calculated  %:  N  5.07. 

5.  Preparation  of  the  sodium  salt  of  butanesulfodichloroanilide.  We  used  1  g  of  butanesulfodichloroanilide 
in  10  ml  of  absolute  ether  and  0.082  g  of  metallic  sodium.  The  reaction  was  carried  out  as  in  the  previous  one. 

The  sodium  salt  was  obtained  as  a  brown  mass,  deliquescing  in  air. 

Found  %:  N  4.26,  CioHi202NSCl2Na.  Calculated  %:  N  4.60. 

6.  Preparation  of  N-acetylethanesulfodichloroanilide.  1  g  of  dichloroanllide  and  0.5  ml  of  acetic  anhy¬ 
dride  were  heated  in  a  round  bottomed  flask  with  a  reflux  condenser  for  4  hours  on  a  paraffin  bath  at  140-1 60*. 

At  the  eiid  of  the  reaction,  the  mixture  was  poured  onto  a  large  watch  glass  to  evaporate  tfie  excess  acetic 
anhydride.  The  residue  crystallized  as  a  compact  yellow  mass.  The  yield  was  0.89  g  (80.9%).  The  product  was 
recrystallized  from  hot  alcohol.  The  m.p,  was  126-127*  and  it  was  insoluble  in  alkali.  On  acetylating  0.5  g 
of  the  dichloroanilide  with  acetyl  chloride  (0.39  ml) by  heating  on  a  boiling  water  bath,  we  isolated  0.5  g  of  a 
solid  product,  which  was  readily  soluble  in  alkali  and  melted  at  67*  after  recrystallization  from  alcohol  and  water, 
Le.,  in  this  case  acetylation  did  not  occur  and  we  completely  isolated  the  original  dichloroanilide.  On  acety¬ 
lating  the  sodium  salt  of  the  dichloroanilide  with  acetyl  chloride  without  any  solvent,  we  isolated  the  acetyl 
derivative  in  50%  yield. 

Found  %:N  4,7. Cl, HaOjNSCli.  Calculated  %;  N  4,72. 
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7.  Preparation  of  N-acetylbutanesulfodichloroanilide.  We  used  0.63  g  of  butanesulfodichloroanilide  and 
0.3  ml  of  acetic  anhydride.  The  reaction  was  carried  out  similarly  to  the  previous  one.  In  tfiis  case  the  product 
crystallized  only  on  cooling  and  scratching  with  a  glass  rod.  The  yield  was  0.5  g  (69.0<^).  It  was  recrystallized 
from  alcohol  and  water.  The  crystals  were  colorless.  The  m.p.  was  77-79“. 

Found  N  4.39.  CuHijOjNSClj.  Calculated  N  4.32. 

8.  Hydrolysis  of  ethanesulfodichloroanilide.  Hydrolysis  with  alkali  of  various  concentrations  was  not 
successful  even  on  prolonged  boiling.  A  hydrolysis  was  carried  out  with  a  mixture  of  concentrated  sulfuric  acid 
and  water  in  the  ratio  1: 1.  0.5  g  of  ethanesulfodichloroanilide  was  suspended  in  20  ml  of  sulfuric  acid  and 
boiled  in  a  round  bottomed  flask  with  a  reflux  condenser  for  8  hours.  During'the  reaction,  the  ethanesulfodichb- 
roanilide  dissolved  up.  On  cooling  the  solution  and  making  it  alkaline,  we  isolated  the  hydrolysis  product- 

2, 4-dichloroaniline.  The  yield  was  0.2  g  (66%).  After  recrystallization  from  water  it  melted  at  62*  (according 
to  literature  data:  62-63*  [7]). 

Found  %:  N  8.37.  CsHsNCl,.  Calculated  %:  N  8.64. 

9.  Hydrolysis  of  butanesulfodichloroanilide.  We  used  1  g  of  butanesulfodichloroanilide  and  20  ml  of 
sulfuric  acid,  diluted  1:1.  The  experiment  was  as  above.  In  this  case  the  hydrolysis  took  longer  (18-20  hours). 
We  isolated  the  same  hydrolysis  product  as  with  ethanesulfodichloroanilide,  Le.,  2, 4-dichloroaniline  with  m.p 
61-63*. 


SUMMARY 

1.  It  was  shown  that  chlorination  of  alkanesulfoanilides  with  elementary  chlorine  in  CCI4  as  well  as  in 
alkaline  medium  resulted  in  the  formation  of  alkanesulfo-2,4-dichloroanilides,  in  contrast  to  unsubstituted  and 
alkyl  substituted  alkanesulfoamides  as  well  as  anilides  of  aromatic  sulfo  acids. 

2.  For  the  first  time  ethane-and  butanesulfo-2,4-dichloroanilides  were  obtained  and  characterized  ; 
their  sodium  salts  and  N -acetyl  derivatives  were  also  obtained  and  characterized. 

3.  The  position  of  the  chlorine  atoms  in  the  aromatic  nucleus  was  proved  by  the  hydrolysis  of  the 
dichloroanilides  to  give  2,4-dichloroaniline. 
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THE  REACTION  OF  A  C  Y  LSU  LF  A  N IL  YL  CHLORIDE  WITH 
2-AMINOTHIAZOLE 


n.  INVESTIGATION  OF  THE  REACTION  OF  CARBOMETHOXYSULFANILYL  CHLORIDE 

WITH  2-AMINOTHIAZOLE 

B.  G.  Yasnitsky  and  E.  B.  Dolberg 

In  the  first  paper  [1]  we  gave  the  results  of  investigation  of  the  reaction  of  di-(carbomethoxvsulfanilyl)- 
aminothiazole  with  2-aminothiazole  in  chlorobenzene,  as  one  of  the  basic  reactions  occurring  during  the 
acylation  of  2-aminothiazole  with  acylsulfanilyl  chlorides.  In  the  present  paper  we  give  data  on  the  investigation 
of  the  acylation  reaction  which  proceeds  simultaneously  in  three  principal  directions,  in  accordance  with  the 
scheme  given  earlier.  Organic  solvents,  chemically  inert  both  to  the  starting  materials  as  well  as  to  the  reaction 
products  chlorobenzene  and  dichlorothane,  were  selected  as  reaction  media.  The  choice  of  these  solvents  ensured  a* 
homogeneous  reaction  media.  The  choice  of  these  solvents  ensured  homogeneous  reaction  as  both  aminothiazole 
and  the  sulfo  chloride  dissolved  quite  well  in  them,  while  the  reaction  products  remain  practically  insoluble  and 
tills  facilitated  kinetic  investigations.  The  inertness  of  the  solvents  used,  as  well  as  the  use  of  2-aminothiazole 
as  the  HCl-removlng  agent,  eliminated  a  series  of  side  reactions  which  occur,  for  example,  when  the  same 
process  is  carried  out  in  an  aqueous  medium  in  the  presence  of  mineral  bases  (hydrolysis  of  sulfo  chloride,  acyl 
derivatives  etc.).  The  use  of  chlorobenzene  allowed  investigations  over  a  wide  temperature  range  (25-130*). 

EXPERIMENTAL 

In  the  experiments  we  used  2-aminothiazole  and  the  organic  solvents  described  earlier  [1].  The 
carbomethoxysulfanilyl  chloride  had  m.p.  112-113*  (from  dichloroethane).  According  to  analysis,  the  sulfo 
chloride  contained  99.5-99.8'7o  of  organically  bound  chlorine.  The  reaction  of  carbomethoxysulfanilyl  chloride 
widi  2-aminothiazole  was  carried  out  in  the  following  way.  Into  a  three  necked  flask  with  a  stirrer,  a  reflux 
condenser  and  a  thermometer,  placed  in  a  thermostat,  was  loaded  100  ml  of  dry  chlorobenzene  and  5.0  g  (0.05 
moles)  of  2-aminothiazole.  When  the  temperature  was  established  at  50*,  6.25  g  (0.025  moles)  of  the  sulfo 
chloride  was  introduced  and  the  reaction  mixture  was  kept  at  the  same  temperature  for  15  minutes.  We  then 
proceeded  as  described  earlier  [1].  The  mother  liquors  contained  3.60  g  of  unreacted  aminothiazole  of 

that  taken) ;  56'^  of  the  aminothiazole  was  consumed.  The  residue  was  washed  with  ethyl  alcohol  to  remove 
traces  of  unreacted  sulfo  chloride.  The  wei^t  of  the  dry  residue  was  7.0  g..  The  mixture  of  acyl  derivatives 
was  analyzed  as  described  earlier  [1].  We  found  1.40  g  of  the  monoacyl  derivative*  1.8%,^d  5.04  g  of  die  diacyl 
derivative,  38. 0'Jiv  In  the  mixture  of  acyl  derivatives  there  was  32.0  mol,  '^of  the  monoacyl  deriwitive.  On 
hydrolysis'of  the  mixture  we  obtained  3.07  g  of  sulfanilamidothiazole,  which  accounted  for  all  die  charge. 

The  results  of  series  of  experiments,  carried  out  as  described  but  with  various  temperatures  and  times, 
are  shown  in  the  figures.  As  is  obvious  from  curves  1  and  2  in  Fig.  1,  the  proportion  of  te  monoacyl  derivative 
is  strongly  dependent  on  temperature,  which  results  from  the  change  in  the  ratio  of  the  rates  of  reactions  (1), 

(2)  and  (3)  (see  [1]).  At  a  temperature  of  about  130*,  the  monoacyl  derivative  is  almost  the  only  one  formed. 

That  curves  1  and  2  and  also  3  and  4  correspond  quite  closely,  shows  that  die  nature  of  the  solvents  investigated 
has  an  insignificant  effect  on  the  ratio  of  the  rates  of  these  reactions. 
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Fig.  1.  The  dependence  of  the  results  of  acyl¬ 
ation  of  2-aminothiazole  by  carbomethoxy- 
sulfanilyl  chloride  on  the  temperature  of  the 
process,  which  was  carried  out  for  1  hour. 

1,21  composition  of  the  acylation  product  in 
mol.  %of  monoacyl  derivative;  3,4)  2-amino¬ 
thiazole  consumed  (in  °]oi  [1,3)  in  chlorobenzene, 

2,4)  in  dichloroethane,  5)  in  acetone,  6)  in  benzene, 
7)  in  toluene,  8)  in  a  mixture  of  chlorobenzene 
and  dichloroetJiane]. 


%  ^100* 


Fig.  2.  Kinetics  of  acylation  of  2-aminothiazole  by 
carbomethoxysulfanilyl  chloride  in  chlorobenzene. 

1.4.7)  amount  of  sulfo  chloride  (in  °lool  that  taken), 
consumed  in  the  formation  of  the  monoacyl  derivative  ; 

2.5.8)  the  same,  in  the  formation  of  the  diacyl  derivative  ; 

3.6.9)  the  same,  in  the  formation  of  the  total  of  the 
acyl  derivatives  [1,2,3)  at  25*,  4,5,6)  at  50®,  7,8,9)  at 
100®]. 

Examination  of  the  kinetic  curves  in  Fig.  2  shows  that  a  point  in  time  T^  (Tio#*.  T*®,  T25*)- 
the  maximum  on  the  curves  3,6  and  9-is  a  characteristic  for  the  process  at  the  given  temperamre  and  appears  to 
divide  it  into  two  periods.  During  the  first  period  from  0  to  Tj®,  the  maximum  amount  of  the  sulfo  chloride  is 
consumed  to  form  the  acyl  derivatives  according  to  equations  (1)  and  (2)  [1] :  thus  the  monoacyl  derivative  is 
mainly  formed  according  to  equation  (1)  and  the  curves  1,4  and  7  increase  quickly.  The  amount  of  diacyl 
derivative,  formed  according  to  equation  (2),  also  grows  quickly  and  reaches  a  maximum  at  the  point  T^*  (curves 
2,5  and  8).  Li  this  period  reaction  (3)  does  not  have  appreciable  significance  as  it  is  much  slower  (cf.  Fig,  2  with 
Fig  1,  report  I). 
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Fig.  3.  Kinetics  of  acylation  of  2-aminothiazole  by  carbo- 
methoxysulfanilyl  chloride. 

1,3,5)  molar  percent  of  the  monoacyl  derivative  in  the 
acylation  products ;  2,4,6)  amlnothiazole  consumed  (in  %) 

[1,2)  at  25*,  3,4)  at  SO*,  5,6)  at  100*1 

In  the  second  period  of  the  reaction,  after  the  point  Tj*.  reactions  (1)  and  (2)  are  not  important.  The 
change  in  the  system  proceeds  by  equation  (3)  mainly :  thus,  as  was  shown  earlier  [1],  tire  decrease  fh  the 
amount  of  the  diacyl  derivative  due  to  conversion  into  the  monoacyl  derivative  is  accompanied  by  a  decrease 
in  the  overall  amount  of  acyl  derivatives.  The  ratio  of  the  rates  of  build  up  of  the  monoacyl  and  diacyl 
derivatives,  and  consequently  the  molar  proportions  of  them  in  the  acylation  products,  depen  ds  not  only  on  the 
temperature  but  also  on  the  time  that  the  process  is  carried  out  (Fig.  3).  The  amount  of  acylated  2-aminothiazole 
changes  in  accordance  with  the  change  in  the  molar  percent  of  the  monoacyl  derivative ;  the  former  is  propor¬ 
tional  to  the  yield  of  sulfanilamidothiazole,  obtained  on  hydrolysis  of  the  acylation  products.  Consequently, 
the  maximum  yield  of  sulfanilamidothiazole  may  be  obtained  by  carrying  out  the  reaction  for  that  period  of 
time,  which  is  necessary  and  sufficient  for  attaining  the  maximum  amount. of  monoacyl  derivative.  As  a  rule, 
this  time  is  greater  thanT  ,,  which  is  necessary  for  the  completion  of  reactions  (1)  and  (2)  (cf.  curve  9,  Fig.  2 
with  curve  5,  Fig.  3)  and  includes  a  short  period,  which  is  part  of  the  time  when  the  process  is  only  according  to 
scheme  (3). 

We  undertook  to  determine  the  ratio  of  the  rate  constants  of  ilie  reactions  (1),  (2)  and  (3)  at  various  temp¬ 
eratures.  The  average,  approximate  data  obtained  showed  that  the  rate  constant  of  reaction  (3)  in  the  interval 
25—130*  was  2—3  orders  less  than  the  rate  constants  of  reactions  (1)  and  (2).  Consequently,  as  long  as  there 
is  sulfo  chloride  in  the  reacticn  system,  reaction  (3)  has  very  little  effect  on  the  ratio  of  the  reaction  products. 

The  latter  is  largely  determined  by  the  ratio  of  the  rates  of  reactions  (1)  and  (2).  At  25*  K2  is  almost  11  times 
greater  than  K^,  which  leads  to  the  formation  of  the  diacyl  derivative  as  the  main  reaction  product.  At  100* 

Kj  is  almost  23  times  less  than  K^,  in  consequence  of  which  the  main  product  is  the  monoacyl  derivative. 

SUMMARY 

1.  It  was  established  that  the  ratio  of  carbomethoxysulfanilylaminothiazole  and  di-(carbometitoxysulfoanilyl)- 
aminothiazole,  acylation  products  of  2-aminothiazole  with  carbomethoxysulfanilyl  chloride  in  inert  solvents, 
depends  mainly  on  temperature  and  duration  of  process  and  considerably  less  on  the  nature  of  the  inert  solvent, 

2.  The  acylation  process  may  be  divided  into  two  periods :  in  the  first  period  the  ratio  of  products  is 
determined  mainly  by  tiie  rate  constants  of  the  more  rapid  reactions  (1)  and  (2) ,  in  the  second  period  by  the 
rate  constant  of  reaction  (3).  At  25*  di-(carbomethoxysulfanilyl)-aminothiazole  is  the  principal  product ;  at 
100*  and  hi^er— carbomethoxysulfanilylaminothiazole. 

3.  There  is  an  increase  not  only  in  the  relative  amount  of  carbomethoxysulfanilylaminodiiazole  with  a 
raise  in  temperature  (up  to  130*),  but  also  an  Increase  in  the  overall  yield  of  acylation  product,  bodi  onailfo 
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chloride  and  aminothiazole.  The  optimal  time  for  carrying  out  the  process  is  the  time  when  the  greatest 
utilization  of  2 -aminothiazole  is  attained. 
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INVESTIGATION  OF  SULFONATION 

XLI.  HYDROLYSIS  AND  SULFONATION  OF  BEN  Z  EN  ED  ISULFON IC  ACIDS 
A.  A.  Spryskov  and  S.  P.  Starkov 


Li  order  to  study  the  composition  of  sulfonation  mixtures,  formed  by  disulfonation  of  benzene,  we  under¬ 
took  to  investigate  in  the  present  work  the  conditions  of  hydrolysis  (desulfonation)  of  isomeric  benzene  disulfonic 
acids  and  the  conditions  of  their  conversion  into  trisulfonic  acid. 

On  the  subject  of  hydrolysis  of  m-benzenedisulfonic  acid,  Friedel  and  Crafts  [1]  stated  that  it  started  to 
hydrolyze  in  phosphoric  acid  only  at  330*.  However,  it  was  recently  shown  [2]  that  m-benzenedisulfonic  acid 
can  also  hydrolyze  at  234*  in  the  presence  of  85%  sulfuric  acid.  There  is  no  data  on  the  hydrolysis  of  other 
isomers. 

As  regards  the  sulfonation  of  benzenedisulfonic  acids,  it  is  known  thattfie  meta-isomer  may  be  sulfonated 
with  polysulfate  [3]  at  280-300*  or  by  heating  with  concentrated  sulfuric  acid  on  a  naked  flame  until  the  mixture 
starts  to  effervesce  [4].  Benzene  with  sulfuric  acid  and  phosphorus  pentoxide  at  280-290*  is  also  gradually 
sulfonated  into  trisulfonic  acid  [5].  Behrend  and  Mertelsmann  [6]  sulfonated  sodium  m-and  p-benzene- 
dlsulfonates  at  240-250*.  Benzene  trisulfonic  acid  is  also  formed  together  with  the  disulfonic  acid  [7]  by 
heating  benzene  with  fuming  sulfuric  acid  at  235-245*  in  the  presence  of  mercury. 

EXPERIMENTAL 

The  experiments  for  studying  the  conditions  under  which  the  hydrolysis  of  isomeric  benzenedisulfonic 
acids  proceeds,  were  carried  out  in  the  following  manner.  A  calculated  amount  of  sulfuric  acid  and  water  was 
added  to  the  sample  of  free  benzenedisulfonic  acid  in  the  test  tube.  Three  test  tube  with  ortho-,  meta-and 
para -isomers  were  sealed  and  heated  simultaneously  in  an  Eikman  apparatus.  After  heating,  the  sulfuric  acid 
content  in  the  reaction  mixture  was  determined  by  a  gravimetric  method.  The  increase  in  the  amount  of 
sulfuric  acid  relative  to  the  sample  taken  enabled  us  to  calculate  the  amount  of  disulfonic  acid,  hydrolyzed  to 
the  monosulfonic  acid.  The  experimental  results,  given  in  Table  1,  show  that  o-benzenedisulfonic  acid  was 
hydrolyzed  more  readily  than  the  other  isomers,  the  para-isomer  with  most  difficulty  and  the  meta-isomer  in- 
between  the  two.  The  experiments  also  made  clear  that  the  ordio-isomer  started  to  hydrolyze  noticeably  in 
80%  sulfuric  acid  at  a  temperature  somewhat  lower  than  180*.  The  hydrolysis  of  the  meta-isomer  became 
noticeable  at  195*  while  that  of  the  para-isomer  only  at  206*. 

It  was  shown  earlier  by  one  of  us  and  Ovsyankina  [2],  using  a  whole  series  of  aromatic  sulfonic  acids  with 
substituents  in  the  nucleus,  that  a  sulfonic  acid  with  a  substitutent  in  the  meta-position  was  the  most  stable 
isomer  to  desulfonation.  However,  sulfonic  acids  investigated  in  this  work  were  widi  substitutents  of  the  I  order 
in  the  nucleus,  with  the  exception  of  sulfobenzoic  acid,  the  relative  stability  of  the  meta-and  para-isomers  of 
which  remained  unclear.  The  experimental  results,  given  in  Table  1,  suggest  that  the  para-isomer  is  the  most 
stable  with  a  substituent  of  the  11  order  in  the  nucleus,  while  the  meta-isomer  has  an  intermediary  position. 

Experiments  on  the  hydrolysis  of  sulfobenzoic  acids  were  again  carried  out  in  the  present  work,  using  the 
methods  described  above.  The  results  of  these  experiments,  given  in  Table  2,  showed  that  p- sulfobenzoic  acid 
as  well  as  p-benzenedisulfonic  acid  were  the  most  stable  isomers,  while  the  meta-isomer  has  an  intermediary 
position. 
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Before  carrying  out  tlic  experiments  described,  tlic  benzcncmonosnlfonic  acid  was  heated  with  SSfo 
sulfuric  acid  at  105“  in  a  sealed  tube.  Titration  witli  0.1  N  alkali  showed  tliat  after  10,  15  and  20  hours  tlie 
overall  acidity  of  tlic  reaction  mixture  did  not  cliangc,  Le,,  tlie  sulfonic  acid  was  not  being  sulfonated  into 
the  disulfonic  acid.  However,  at  210"  tlie  sulfonation  of  tlie  monoacid  proceeded  at  a  considerable  rate,  which 
can  be  seen  by  comparing  tlie  results  of  experiments  78  and  76  in  Table  1.  The  amount  ofhydrolyzed  acid  not 
only  did  not  increase  in  the  latter  experiment,  even  though  heated  longer,  but  even  decreased  in  the  experiment 
with  the  ortho-isomer  due  to  isomerization  of  die  ortho-acid,  which  proceeded  by  hydrolysis  and  resulfonation. 

The  same  may  be  observed  in  the  experiments  in  Table  2. 

An  increase  in  heating  time  from  10  to  20  hours  did  not  double  the  amount  of  sulfobenzoic  acid  hydrolyzed, 
as  the  sulfonation  of  the  benzoic  acid  formed  proceeds  together  with  the  hydrolysis. 

The  sulfonation  of  three  isomeric  benzenedisulfonic  acids  was  carried  out  in  the  following  way.  A  portion 
of  disulfonyl  chloride  was  mixed  with  &QFjo  fuming  sulfuric  acid  and  heated  in  a  sealed  tube  in  an  Eikman  apparatus. 
After  heating,  twice  tlie  volume  of  chlorosulfonic  acid  was  added  to  the  mixture  and  the  reaction  mixture  was 
again  heated  at  145-150®  for  1/2  an  hour  in  an  open  test  tube.  The  cooled  mixture  was  poured  onto  ice,  the 
precipitate  separated,  washed,  dried  and  die  melting  point  of  the  chloride  obtained  determined, 

TABLE  1 

Hydrolysis  of  Benzenedisulfonic  Acids  in  die  Presence  of  Sulfuric  Acid 


In  a  number  of  experiments  the  sulfonation  mixture  poured  onto  ice  was  neutralized  with  barium  carbonate. 

Then  a  calculated  amount  of  soda  was  added  and  the  solution  of  sodium  salts  of  sulfonic  acids  was  filtered  and 
evaporated  to  dryness.  The  salts,  dried  at  130-150®,  were  converted  into  chlorides  by  heating  with  twice  their 
weight  of  phosphorus  pentachloride  at  110-175°  for  25  minutes. 

The  experimental  results,  given  in  Table  3,  show  that  m -benzenedisulfonic  acid  practically  does  not  sulfonate 
at  150  and  180°  as  the  m.p.  of  the  dichloride  (60*)  taken  for  the  reaction  changed  very  little. 

Sulfonation  at  a  considerable  rate  began  ~200®,  Thus,  by  heating  at  205°  for  4  hours  1,3,5-benzenetrisulfonyl 
chloride  was  formed  with  a  m.p.  of  175°  instead  of  the  m.p.  of  190®  of  pure  trichloride.  The  same  product  was 
obtained  by  raising  the  sulfonation  temperature  to  228®  for  1/2  hours  heating.  But  a  better  product  with  m.p.  183® 
was  obtained  by  heating  for  4  hours.  Further  increase  of  the  sulfonation  time  did  not  improve  the  quality  of  the 
product.  After  five  crystallizations  from  benzene,  the  product  from  experiment  174  had  a  m.p.  of  190-191®, 
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TABLE  2 


Hydrolysis  of  Siilfobcn/oic  Acids  in  the  Presence  of  Sulfuric  Acid  at  202* 


1  M 
0) 

S.o| 

Sulfobenzoic 

acid 

Moles  of 
water  taken 
per  mple  ojt 
sulfonic  acid 

Sulfonic 
acid  concen¬ 
tration  in  the 
mi^yrefin 

Heating 
time  (in 
hours) 

Acid  hydro! 
sed  (in  %  oi 
that  taken) 

f 

OTtho- 

4.3 

84.8 

10 

23.9 

160 

meta- 

4.3 

81.6 

10 

8.9 

1 

para- 

4.9 

78.6 

10 

3.8 

1 

ortho- 

4.6 

87.4 

20 

23.1 

161 

meta- 

4.6 

79.7 

20 

10.2 

para- 

4.4 

79.5 

20 

3.9 

The  para-dichlbride  was  not  changed  by  a  short  period  of  heating  with  fuming  sulfuric  acid  at  228*.  but 
the  m.p.  of  die  product  obtained  by  increasing  the  duration  of  the  process,  to  24  hours,  decreased  to  104*.  A 
single  crystallization  of  this  product  from  benzine  gave  again  almost  pure  para-dichloride  with  m.p.  136-137*. 

The  ortlio-isomer  also  changed  little  when  heated  for  a  short  time  with  fuming  sulfuric  acid,  while  a  long 
heating  period  at  228*  gave  an  uncrystallizable  product. 


TABLE  3 

Sulfonation  of  Bcnzenedisulfonyl  Clilorides  with  607o  Fuming  Sulfuric  Acid 


Experiment 

number 

Taken 

heating 

time 

Temper¬ 

ature 

Melting  points  of  chlorides  ob¬ 
tained  from  the  isomers 

disulfonyl 

chloride 

(in  g) 

fuming 
sulfuric 
acid  (ml) 

ortho- 

meta- 

para- 

18 

1 

1.5 

4 

150° 

56° 

20 

0.51 

1 

4 

180 

52 

33 

0.25 

1.5 

4 

205 

175 

32 

0.25 

1.5 

0.5 

228 

137° 

175 

136° 

30,  31 

0.25 

1.5 

1 

228 

1 

00 

136 

82—84 

0.25 

1.5 

1.5 

228 

136 

180 

124 

.172 

2.2 

6 

2 

225 

115  * 

22,  25 

0.5 

1.5 

4 

228 

183 

110 

27 

0.25 

1.5 

4 

230 

108 

174 

2.0 

6 

8 

229 

178-184 

177,  178 

0.25 

3 

12 

231 

Soft  * 

107 

177',  178' 

0.25 

3 

24 

231 

k 

Soft  * 

104 

•'  Chlorides  obtained  through  salts  witli  PCI5. 

The  experiments  showed  that  even  when  the  ortho-and  para-isomers  were  heated  for  a  long  time  with 
fuming  sulfuric  acid,  no  isomerization  of  them  was  observed  witli  formation  of  m-disulfonic  acid, as  the  latter 
is  readily  sulfonated  to  trisulfonic  acid  under  the  conditions  described.  Trisulfonyl  chloride  could  have  been 
readily  detected  in  the  sulfonation  products  of  ortho-and  para-isomers,  as  it  is  dissolved  with  considerably  more 
difficulty  than  ortho-and  para-disulfochlorides. 

Preparations.  We  prepared  pure  benzenedisulfonic  acids  using  the  methods  given  earlier  [8].  o-Sulfo- 
benzoic  acid  with  m.p.  67.5*  was  prepared  from  antliranilic  acid  through  dithiosalicylic  acid  [9]*  p-sulfobenzoic 
acid  was  obtained  by  oxidizing  p-toluene  sulfonic  acid.  The  temperature  varied  within  the  range  of  ±  2*  from 
the  one  indicated  during  heating  of  the  sealed  tubes  in  the  Eikman  apparatus. 
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SUMMARY 


It  was  found  that  the  hydrolysis  of  isomeric  sulfonic  acids  of  tiic  benzene  series  with  substituents  of  the 
second  type  in  the  nucleus  {-SOsM,-(XX)M)  proceeded  at  different  rates.  The  para-isomer  is  tlie  most  stable  to 
hydrolysis,  the  meta-isomer  lias  an  intermediate  position  while  the  ortho-isomer  is  tlie  most  reactive,  o- 
Benzenedisulfonic  acid  starts  to  hydrolyze  noticeably  in  8l)^  sulfuric  acid  at  a  temperature  somewhat  lower 
tlian  180*.  tlic  meta-isomer  at  195"  and  the  para-isomer  at  205*. 

m-Bcnzenedisulfonic  acid  is  sulfonated  with  607o  fuming  sulfiiric  acid  at  a  considerable  rate  at  200*  and 
rapidly  at  230*.  TIic  ortho-and  para-isomers  change  very  slowly  when  heated  with  fuming  sulfuric  acid  at  200- 
2;W*.  but  no  products  oftfieir  sulfonation  or  isomerization  were  detected. 
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SULFONIC  ACIDS  OF  SULFONES  AS  SIDE  PRODUCTS  IN  SULFONATION 

PROCESSES 

m.'  BEHAVIOR  OF  DFHENYL  SULFONE  AND  ITS  SULFONIC  ACIDS  UNDER  THE  ACTION  OF 

SULFURIC  ACID 

A.  P.  Shestov  and  N,  A.  Osipova 


As  was  shown  in  the  first  paper  [1],  sulfonic  acids  of  diphenyl  sulfone  are  formed  in  large  amounts  by 
sulfonating  benzene  with  fuming  sulfuric  acid.  Diphenyl  sulfone  is  formed  under  certain  conditions  by  the  action 
of  aqueous  sulfuric  acid  on  benzene;  however,  the  process  of  formation  of  sulfonic  acids  of  sulfone  was  not 
established  as  present.  The  behavior  of  diphenyl  sulfone  when  treated  with  fuming  sulfuric  acid  or  sulfuric  acid 
is  not  clear.  On  tfie  basis  of  old  papers  [2]  it  had  been  assumed  that  diphenyl  sulfone  underwent  cleavage  under 
these  conditions  with  the  formation  of  benzene monosulfonic  acid. 

As  we  had  a  number  of  methods  at  our  disposal  for  the  determination  of  sulfonic  acids  of  sulfones  and 
among  them  polarography  [3],  we  decided  to  carry  out  an  investigation  of  the  behavior  of  diphenyl  sulfone  and 
its  sulfonic  acids  under  the  action  of  sulfuric  acid. 

The  diphenyl  sulfone  was  subjected  to  sulfonation  at  a  temperature  of  90*  with  different  concentrations  of 
fuming  sulfuric  acid  (containing  from  20  to  65^  of  SO3)  with  an  excess  of  SOs  sufficient  to  introduce  two 
sulfonyl  groups:  it  was  established  that  diphenyl  sulfone  was  quite  readily  converted  into  a  sulfonic  acid  which 
contained  two  sulfonic  groups  for  each  diphenyl  sulfone  molecule. 

The  monosulfonic  acid  of  diphenyl  sulfone  was  formed  by  treating  diphenyl  sulfone  with  fuming  sulfuric 
acid  containing  an  amount  of  SO3  sufficient  for  forming  only  one  sulfonyl  group. 

Even  the  first  experiments  of  sulfonating  diphenyl  sulfone  with  aqueous  sulfuric  acid  showed  that  diphenyl 
sulfone  behaves  differently  in  this  medium  and,  apparently,  a  large  proportion  of  it  is  cleaved  with  the  formation 
of  benzenesulfonic  acids.  Diphenyl  sulfone  was  dissolved  quite  rapidly  when  placed  into  sulfuric  acid  (87-90^) 
even  in  the  cold ;  however,  when  the  mass  was  diluted  widi  water  almost  all  the  original  diphenyl  sulfone 
separated.  Diphenyl  sulfone  underwent  a  more  extensive  conversion  witfi  tiie  formation  of  water  soluble  reaction 
products  at  a  temperature  of  the  order  of  170-200*. 

A  polarographic  determination  of  sulfonic  acids  of  sulfones  in  the  sulfonation  mixture,  obtained  by  the 
action  of  85-98^  sulfuric  acid  on  diphenyl  sulfone  at  230*,  showed  that  the  diphenyl  sulfone  mainly  underwent 
cleavage  with  the  formation  of  benzenesulfonic  acids.  A  considerably  smaller  amount  of  sulfonic  acids  of 
diphenyl  sulfone  was  formed  (5-18^  of  the  original  diphenyl  sulfone,  depending  on  the  concentration  of  sulfuric 
acid). 

The  separation  with  ligroin  of  the  sulfonyl  chlorides  obtained  by  the  usual  method  from  the  reaction 
mixture,  allowed  the  detection  of  both  benzene  m-disulfonyl  chloride  and  the  3,3'-disulfbnyl  chloride  of 
diphenyl  sulfone  in  conesponding  amounts. 
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Sulfonic  acids  of  benzene  and  diphenyl  sulfone  of  other  degrees  of  sulfonation  were  not  separated  as  they 
could  not  have  been  in  large  quantities  considering  the  high  sulfonation  temperature,  and  furthermore,  the 
principal  problem  interesting  us  was  whedier  diphenyl  sulfone  was  sulfonatedor  cleaved  by  the  action  of 
aqueous  sulfuric  acid. 

As  subsequent  experiments  showed,  the  sulfonyl  group  already  in  the  diphenyl  sulfone  molecule,  under 
tiie  conditions  studied,  strengthens  the  bonds  of  the  SOj  group  with  die  benzene  nuclei  and  cleavage  occurs  to 
a  lesser  degree.  Thus,  up  to  70*^  of  the  disulfonic  acid  of  diphenyl  sulfone  is  formed  by  the  action  of  987o 
sulfuric  acid  at  230*  on  the  monosulfonic  acid  of  diphenyl  sulfone.  The  disulfonic  acid  of  diphenyl  sulfone  hardly 
cleaves  under  tlie  action  of  sulfuric  acid  at  a  temperature  of  230*. 

EXPERIMENTAL 

The  diphenyl  sulfone  used  in  the  investigations  was  obtained  by  treating  a  large  excess  of  benzene  with 
657o  fuming  sulfuric  acid  at  a  temperature  below  60*.  The  diphenyl  sulfone  was  sublimed  by  passing  nitrogen 
over  its  molten  surface.  The  sublimed  product  was  recrystallized  from  alcohol.  The  diphenyl  sulfone  obtained 
had  m,p.  124*  (literature  data:  124  and  128*  for  various  modifications  [4]), 

Chemically  pure  fuming  sulfuric  acid  was  used. 

Sulfonation  of  diphenylsulfone  with  fuming  sulfuric  acid,  a)  Sulfonation  of  diphenyl  sulfone  into  the 
disulfonic  acid  (experiments  1-4).  The  diphenyl  sulfone  was  treated  with  a  large  excess  of  20  and  637©  fuming 
sulfuric  acid  at  90*  (introduced  at  30*  and  kept  at  90*  for  3  hours).  The  following  were  prepared  from  the 
sulfonic  acid  using  the  usual  methods:  barium  salts  (in  which  tlie  percent  of  barium  was  determined),  sulfonyl 
chloride  and  sulfamide.  The  data  obtained  are  given  below  (Table  1). 

The  barium  salt  of  diphenyl  sulfone  disulfonic  acid  contained  26.74^0  Ba. 

The  sulfonyl  chloride,  without  recrystallization,  had  m.p.  171*.  A  product  with  m.p.  180.5-181.0*  was 
obtained  after  several  recrystallizations  from  chloroform.  The  m.p.  of  diphenyl  sulfone  disulfonyl  chloride  is 
given  as  175-176“  in  the  literature  [5]. 

TABLE  1 


Analysis  of  barium  salts  of  sulfonic  acids 


%  of  Ba  in 
barium  salt 


0.3118  0.1426  26.91 

0.4108  0.1890  27.07 

0.3064  0.1390  26.70 


Found C  34.28  ;  H  2.19  ;  Cl  16.83  ;  S  23.24.  CuHgOsCliSs.  Calculated  ^ :  C  34.70  ;  H  1.94 ; 

Cl  17.08  ;  S  23.16. 

The  amide  of  diphenyl  sulfone  disulfonic  acid  with  m.p.  249.6-250.1*  (in  the  literature  242.0*  [5])  was 
obtained  from  diphenyl  sulfone  disulfonyl  chloride  by  the  usual  method. 

Found  <%:  C  38.60  ;  H  3.27  ;  N7.16:  S  25.70.  CuHuOgNjS,.  Calculated  %:  C  38.29  ;  H3.22;  N  7.44; 
S  25.56. 
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b)  Sulfonatlon  of  diphenyl  sulfone  Into  monosulfonlc  acid  (experiment  5).  118  g  of  diphenyl  sulfone  witii 
ni,p.  124*  was  mixed  with  50.2  g  of  100'^  sulfuric  acid  and  then  63.3  g  of  fuming  sulfuric  acid,  containing  64.35% 
of  SO3  (0.94  mole  of  SO3  per  mole  of  diphenyl  sulfone),  was  added  dropwise.  After  a  gradual  Increase  in  temp* 
erature  to  90*  it  was  maintained  at  90*  for  3  hours.  The  sulfonyl  chloride  was  obtained  by  the  usual  mediod  from 
the  sulfonic  acid  and  after  recrystallization  from  ligroin  it  had  m.p.  96*  (in  the  literature  98-99*  [6]). 

TIte  sulfoamide  obuined  from  the  sulfonyl  chloride  had  m.p.  155.5-156*  (in  the  literature  154^  [6])  after 
recrystallization  from  water. 

Found  <70;  C  47.95  :  H  3.77  ;  S  21.88.  CuHaO^NS,.  Calculated  <7o :  C  48.46  ;  H  3.73  ;  S  21.57. 

Reaction  of  diphenyl  sulfone  and  its  mono-and  disulfonic  acids  with  aqueous  sulfuric  acid,  a)  Determination 
of  die  temperature  at  which  diphenyl  sulfone  is  converted  into  a  water  soluble’  compound  (experiments  6-9). 
Diphenyl  sulfone  was  dissolved  in  aqueous  sulfuric  acid  and  the  temperature  at  which  it  was  converted  into  a 
water  soluble  compound  was  determined. 

As  the  data  in  Table  2  show,  die  reaction  products  became  completely  soluble  in  water  at  190*. 

TABLE  2 


Experir 

ment 

numbei 

Charge 

Temper¬ 

ature 

Time 

(in 

hours) 

iH 

HtSO. 

(in  g) 

%  H,SO. 

6 

5 

25 

96 

50° 

Vs 

96 

100 

Vs 

96 

150 

Vs 

96 

190 

2 

7 

3 

30  ml 

87 

190 

5 

87 

190 

10 

87 

190 

30 

8 

3 

30  ml 

92 

180 

1 

-9 

1 

10  ml 

96.3 

190 

3 

Solubility  of  die 
sulfonation  mixture 
in  water 


Incomplete 

Conplete 

Incomplete 

Complete 
Becomes  turbid 
with  water 
Cwnplete 


b )  The  isolation  of  die  reaction  products  of  diphehyl  sulfone  with  aqueous  sulfuric  acid  (experiment  10). 
20  g  of  diphenyl  sulfone  was  dissolved  with  mixing  in  99.5  g  of  98.7%  sulfuric  acid  (10.9  moles  of  sulfuric  acid 
per  mole  of  diphenyl  sulfone). 

The  homogeneous  mass  was  poured  into  ampules.  The  sealed  ampules  were  heated  at  230*  for  5  hours.  The 
sulfonic  acids  were  converted  into  the  sulfonyl  chlorides  by  the  usual  method. 

7  g  of  sulfonyl  chlorides  was  washed  on  a  Schott  filter  with  3.5  liters  of  ligroin.  0.52  g  of  diphenyl  sulfone 
3,3* -disulfonyl  chloride  remained  on  the  filter.  After  recrystallization  from  chloroform  it  had  a  m.p,  178.5- 
179*. 

Found  C  34.71 ;  H  2.05  ;  Cl  17.41 ;  S  22.30.  CuH,06Cl,S3.  Calculated  :  C  34.70;  H  1.94; 

Cl  17.08  ;  S  22. 16. 

The  chloride  did  not  depress  the  melting  point  of  the  chloride  which  we  obtained  earlier. 

The  filtrate  was  evaporated  in  vacuum  at  40*  and  the  dry  residue  was  recrystallized  from  ligroin.  The 
crystals  obtained  were  white  with  m.p.  63*  and  corresponded  to  the  literature  data  [7]  for  benzene -m-dlsulfonyl 
chloride. 


Found  <!H);  C26.6  :  H  1,68 ;  Cl  25.85  ;  S  23.0.  C,H^4S,C1,.  Calculated  :  C  26.19 ;  H1.46;  Cl 
25.78 :  S  23.31. 

It  did  not  depress  die  melting  point  of  benzene -m-disulfonyl  chloride. 

c)  Separation  of  die  reaction  products  of  diphenyl  sulfone  monosulfonic  acid  with  aqueous  sulfuric  acid 
(experiment  ID.  2.72  g  of  diphenyl  sulfone  (nonosulfonyl  chloride  withm.p.  96*  was  taken  for  die  experiment. 
The  monosulfonic  acid,  obtained  from  it  by  saponification,  was  mixed  with  9.6  g  of  97.8^  sulfuric  acid  (11.1 
moles  of  sulfuric  acid  per  mole  of  diphenyl  sulfone  monosulfonic  acid)  and  heatfed  in  an  ampule  at  230*  for 

5  hours.  The  sulfonic  acids  were  convened  into  sulfonyl  chlorides  by  the  usual  method.  The  latter  were 
separated  with  ligroin  in  the  cold.  48^  of  diphenyl  sulfone  3,3’-disulfonyl  chloride  was  found  on  the  filter 
with  a  m.p.  171-171.5*.  After  recrystallization  from  chloroform  the  product  had  m.p.  179-180*. 

Found  C  34.82 ;  H  1.95.  CuHjOsCliSj.  Calculated  <55) :  C  34.70;  H  1.94. 

After  distilling  off  the  ligroin  from  the  mother  liquor  (in  vacuum  at  40")  a  product  remained  with  m,p. 
58.5-59.5*  (after  recrystallization)  and  with  an  elementary  composition  corresponding  to  benzene-m-disulfonyl 
chloride. 

Found  fo:  C  26.44;  H  1.41.  C6H4O4CI2S2.  Calculated  "/o :  C  26.19  ;  H  1.46. 

d)  Separation  of  reaction  products  of  diphenyl  sulfone  disulfonic  acid  with  aqueous  sulfuric  acid  (ex- 
periment  12).  The  starting  material  was  diphenyl  sulfone  3,3’-disulfonyl  chloride  with  m.p.  180-181* 

of  which  4.36  g  was  taken.  The  disulfonic  acid  obtained  from  it  by  saponification  was  mixed  with  20.18  g  of 
96.4^  sulfuric  acid  (20  moles  of  sulfuric  acid  per  mole  of  diphenyl  sulfone  disulfonic  acid)  and  heated  in  an 
ampule  at  230*  for  5  hours.  The  sulfonic  acids  were  converted  into  sulfonyl  chlorides  by  the  usual  method. 

The  latter  were  separated  by  ligroin. 

84.3^0  diphenyl  sulfone  3,3’-disulfonyl  chloride  was  found  of  the  material  taken  for  sulfonation.  This 
sulfonyl  chloride  remained  on  the  filter  and  had  a  m.p,  179.5-180*  without  recrystallization,  and  corresponded 
in  composition  to  diphenyl  sulfone  disulfonyl  chloride. 

Found  <7a:  C  35.11 ;  H2.13:  Cl  16.26.  CiaHgOgCliSa.  Calculated  :  C  34.70  ;  H1.94;  Cl  17.08. 

Polarographic  analysis  of  the  sulfonation  mixture  obtained  by  treating  diphenyl  sulfone  and  its  mono- 
and  disulfonic  acids  with  sulfuric  acid.  To  determine  more  accurately  the  degree  of  formation  of  sulfonic 
acids  of  diphenyl  sulfone.  a  series  of  sulfonation  experiments  were  carried  out.  analogous  to  those  described 
above,  in  which  the  sulfonation  mixture  was  analyzed  polarographically. 

In  all  the  given  polarograms  the  aqueous  solutions  of  the  corresponding  sulfonation  mixtures  taken  were 
made  alkaline  with  tetraethylammonium  hydroxide.  0.05  m  N(C2H5)4l  was  used  as  base.  The  polarograms 
were  taken  at  a  3.8  V,  1/100  sensitivity  and  with  a  zero  abscissa.  The  values  given  for  die  half  wave  potentials 
are  everywhere  referred  to  a  saturated  calomel  electrode. 

The  polarogram  of  the  mixture  of  benzene-m-disulfonic  acid  and  diphenyl  sulfone  3,3' -disulfonic  acid 
given  in  the  first  paper  [1]  was  used  as  the  standard  curve. 

The  data  from  experiments  13-17  are  given  in  Table  3  and  the  corresponding  polarograms  •  in  Figs.  1-5. 


*  The  applied  voltage  (-f )  is  plotted  on  the  abscissa  and  the  strength  of  dte  current  (i),  on  the  ordinate. 
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Flg..l..  Treatment  of  diphenyl  salfone 
wltii  85.09^0  sulfuric  acid  (experiment  13). 


i  *  6  8  10 


Fig.  3.  Treatment  of  diphenyl  sulfone 
with  98.3^0  sulfuric  acid  (experiment  15). 


TABLE  3 
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Fig.  2.  Treatment  of  diphenyl  sulfone 
with  95.177o  sulfuric  acid  (experiment  14). 
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I^ig.  4.  Treatment  of  diphenyl  sulfone 
monosulfonic  acid  with  98.3^  sulfuric 
acid  (experiment  16). 


Experiment 

number 

Taken  for  the  sulfonation 

Moles 
ofHjSO^ 
per  mole 
^sul- 
fone 

Sample 
of  sulfo¬ 
nation 
mixture 
for  analy¬ 
sis*  in  g 

Obtained 

Calculated 
percent  of 

Diphenyl  sulfone 
(in  g) 

HjSO, 

(in  g) 

% 

H^O, 

h(in 

mm) 

> 

diphenyl 

smfoiie 

dis^i^fonic 

13 

0.5000 

2.65 

85.09 

10 

0.8954 

12.0 

1.82 

5.18 

14 

0.5000 

2.37 

95.17 

10 

1.0134 

41.5 

1.78 

14.43 

15 

2.0000 

10.0 

98.3 

9.2 

1.0182 

51.0 

1.78 

18.45 

16 

Diphenyl  sulfone  mono- 

sulfonyl  chloride  0.6000 

3.15 

98.3 

20 

0.3818 

39.5 

1.77 

70.53 

17 

Diphenyl  sulfone  disul- 

fonyl  chloride  1.0000 

4.7 

98.3 

19.6 

0.3706 

55.0 

1.78 

98.95 

*  The  samples  of  the  sulfonation  mixture  after  neutralization  and  addition  of  base  were 
made  up  to  a  volume  of  100  ml. 
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Fig.  5.  Treatment  of  diphenyl  sulfone  disulfonic  acid 
with  98.3^  of  sulfuric  acid  (experiment  17). 

SUMMARY 

1.  It  was  established  that  when  treated  with  fuming  sulfuric  acid  at  temperatures  of  the  order  of  100*, 
diphenyl  sulfone  is  converted  into  the  3,3’“ disulfonic  acid  of  diphenyl  sulfone.  The  monosulfonic  acid  of 
diphenyl  sulfone  is  formed  when  diphenyl  sulfone  is  sulfonated  with  an  amount  of  SOs  Insufficient  for  the 
formation  of  two  sulfonyl  groups. 

2.  Diphenyl  sulfone  undergoes  cleavage  under  the  action  of  aqueous  sulfuric  acid  (85-98^0)  with  the  form¬ 
ation  of  mainly  benzenesulfonic  acids.  Besides  this,  a  certain  amount  of  the  diphenyl  sulfone  is  sulfonated  with 
the  formation  of  the  3,3* -disulfonic  acid  of  diphenyl  sulfone. 

3.  The  degree  of  cleavage  at  the  SO2  group  when  diphenyl  sulfone  is  treated  with  aqueous  sulfuric  acid, 
decreases  sharply  with  the  introduction  of  sulfonyl  groups.  Approximately  30°/o  of  the  monosulfonic  acid  of 
diphenyl  sulfone  undergoes  cleavage,  while  the  disulfonic  acid  of  diphenyl  sulfone  is  hardly  cleaved  under  the 
given  conditions. 
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SULFANYL  DERIVATIVES  OF  NATURAL  AMINO  ACIDS  AND 


THEIR  ANALOGS 


Yuan  Chen  -  e  and  M.  N,  Shchukina 


The  syntliesis  of  sulfanyl  derivatives  of  natural  acids  is  of  definite  interest  as  physiologically  active 
materials  may  be  expected,  as  was  found  when  tlie  sulfanyl  residue  was  combined  with  p-aminobenzoic  acid  [1]. 

The  number  of  sulfamide  derivatives  of  diis  type  known  up  to  now  is  small,  while  their  biological  study 
lias  been  mainly  limited  to  an  investigation  of  tlieir  activity  in  relation  to  streptococci.  A  series  of  authors 
(2J  have  described  the  preparation  of  sulfanyl  derivatives  of  glycine,  alanine,  tyrosine,  valine,  leucine,  norleucine 
and  phenylalanine.  1-and  4-sulfanyl  derivatives  of  lysine  were  synthesized  by  us  [3]. 

The  most  common  method  for  obtaining  p-aminobenzenesulfonylamino  acids  is  by  condensation  of  the 
amino  acids  witli  p- acetyl -aminobenzenesulfonyl  chloride  by  the  Shotten-Baumann  method  followed  by 
hydrolysis  witli  dilute  hydrochloric  acid  [4].  The  sulfanyl  derivatives  of  amino  acids,  which  are  unstable  to 
acidic  and  alkaline  hydrolysis,  may  be  obtained  by  acylation  with  p-nitrobenzoyl  chloride  followed  by  the 
reduction  of  the  nitrogroup  [5]. 

We  carried  out  die  synthesis  of  a  series  of  p-aminobenzenesulfonylamino  acids  and  their  derivatives.  The 
properties  and  analyses  of  the  new  compounds  obtained  by  us  are  given  in  the  table. 

For  the  synthesis  we  used  mainly  the  method  of  acylation  with  p-acetylaminobenzenesulfonyl  chloride. 
p-Carbomethoxyaminobenzenesulfonyl  chloride  could  not  be  used  due  to  the  difficulty  of  saponifying  the  p- 
carbomethoxy  compounds  obtained. 

In  preparing  p-aminobenzenesulfonylaniline  described  by  Mazza  [6],  we  synthesized  a  material  which 
melted  40“  higher  than  that  described  by  the  author.  We  synthesized  a  number  of  derivatives  from  this  material 
that  have  not  been  described  in  tlie  literature:  the  ethyl  ester,  amide,  hydrazide  and  hydrazones.  From  d,l- 
serine  we  obtained  a-(p-aminobenzenesulfamido)-6  -hydroxypropionic  acid  which  has  not  been  described  in  the 
literature.  It  is  interesting  to  note  that  the  N -sulfanyl  derivative  of  serine  does  not  react  in  the  same  manner 
as  a  ,  3  -diaminohydroxy  acids  and  1,2-amino  alcohols  acylated  with  carboxylic  acid  radicals  in  which  the  acyl 
group  has  the  capacity  of  migrating  from  nitrogen  to  oxygen  under  the  influence  of  acids.  This  is  confirmed 
by  the  fact  that  the  hydroxyl  group  remains  free  after  such  treatment  and  may  be  readily  substituted  by  chlorine 
on  reaction  with  thionyl  chloride.  These  investigations  were  carried  out  with  the  methyl  ester  of  a  -(p-acetyl- 
aminobenzenesulfamido)-3  -hydroxypropionic  acid,  which  was  synthesized  through  its  silver  salt  as  it  was 
impossible  to  eliminate  saponification  of  the  acetyl  when  esterifying  with  alcohol. 

The  methyl  ester  of  a  -(p-acetylaminobenzenesulfonamido)-6  -chloropropionic  acid  was  converted  into 
mercapto  and  alkylmercapto  derivatives  by  potassium  xanthogenate  or  mercaptides.  After  saponification, 
previously  unknown  mercapto  and  alkylmercapto  analogs  of  the  sulfanyl  derivative  of  serine  were  obtained. 

These  alkyl  derivatives  we  also  syntliesized  by  anollier  method -by  the  action  of  alkyl  iodides  on  the  mercapto 
compound  in  the  presence  of  alkali. 

In  the  preparation  of  tlie  N-sulfanyl  derivative  of  cysteine,  oxidation  of  the  material  occurred  with  the 
formation  of  tlie  disulfide.  A  good  yield  of  N-(p-acetylaminobenzenesulfonyl)-cysteine  was  obtained  by 
carrying  out  the  reaction  in  a  current  of  nitrogen  and  in  the  presence  of  2%  hydrosulfite,  while  N-(p-amino- 
benzenesulfonyl)-cysteiiie  was  obtained  by  saponifying  it  and  then  treating  the  acidic  solution  with  metallic  zinc. 
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[«l“  —18.6  (1%  solution  in  2  N  HCl). 


Tills  compound  is  the  first  example  of  a  sulfanyl  derivative  of  an  amino  acid  with  a  free  sulfliydryl  group. 

Using  an  analogous  method  we  syntliesized  sulfanyl  derivatives  of  dimetliylcysteine. 

We  treated  cysteine  witli  sodium  in  liquid  ammonia  and  then  alkyl  iodides  to  synthesize  the  optically 
active  S-alkylated  N-sulfanyl  cysteines. 

Of  tlie  number  of  derivatives  of  amino  acids  containing  6  carbon  atoms,  we  synthesized  sulfanyl-  e  - 
leucine,  which  had  not  yet  been  described,  its  ester,  hydrazide  and  hydrazones,  as  well  as  analogous  derivatives 
of  sulfanyl  substituted  leucine  and  norleucine.  We  synthesized  d, 1-leucine  for  our  work  in  a  SG^o  yield  using 
Stadnik  and  Zelinsky's  method  which  had  not  been  used  previously  for  obtaining  this  amino  acid. 

We  used  a  new,  simpler  method  to  obtain  the  sulfanyl  derivative  of  norleucine -the  reaction  of  the 
potassium  salt  of  the  sulfamide  and  a  -bromocaproic  acid  in  the  presence  of  potassium  iodide  in  a  dilute  alcohol 
solution. 

We  synthesized  derivatives  of  proline  and  tryptophan  of  the  heterocyclic  amino  acid  series.  It  should  be 
noted  that  the  indole  imino  group  of  tryptophan  does  not  react  with  p-acetylaminobenzenesulfonyl  chloride 
under  Shotten-Baumann  conditions. 


EXPERIMENTAL 

1. N<p-Carbometlioxyaminobenzene5ulfonyl)-glycine.  37.5  g  of  p-carbometlioxyaminobenzenesulfonyl 
chloride  was  gradually  added  with  stirring  to  a  solution  of  11.25  g  of  glycine  in  20  ml  of  40^0  caustic  soda 
solution  and  50  ml  of  water.  The  reaction  was  kept  slightly  alkaline  by  the  periodic  addition  of  AOP/o  caustic 
soda  solution.  After  3  hours  stirring,  the  reaction  mixture  was  treated  with  charcoal  and  the  filtrate  was 
acidified  with  hydrochloric  Acid  (to  Congo).  The  precipitate  melted  at  169-170“  after  recrystallization  from 
60^  alcohol.  The  colorless,  crystalline  substance  was  soluble  in  alcohol  and  insoluble  in  water. 

Found -yo:  N  9.54 ;  S  10.84.  CioHijOgNzS.  Calculated  :  N9.72;  S  11.11. 

2.  The  ethyl  ester  of  a  -N-(p-carbomethoxyaminobenzene5ulfonyl)-d, 1-alanine.  A  mixture  of  8.15  g  of  o.- 
NfP"carbomcthoxyaminobenzenesulfonyl)-d, 1-alanine,  8  ml  of  concentrated  sulfuric  acid  and  40  ml  of  alcohol 
was  heated  for  4  hours  on  a  water  bath  at  80-84“  witli  stirring.  After  cooling  we  isolated  7.6  g  of  material 

and  a  furtlier  0.5  g  by  evaporating  down  tlie  alcohol  solution.  The  yield  wasOiyb.  The  colorless  needles  with 
m.p.  144-144.5*  were  soluble  in  alcohol  and  insoluble  in  water,  mineral  acids  and  alkalis. 

Found  yo;  N  8.66;  S  9.53.  CiaHigOgNjS.  Calculated  yo :  N  8.48  ;  S  9.69. 

3.  The  hydrazide  of  N-(p-aminobenzenesulfonyl)-glycine.  'A  solution  of  2.58  g  of  the  ethyl  ester  of 
N-p-aminobenzenesulfonylglycine  [9]  and  1.25  ml  of  80yo  hydrazine  hydrate  in  26  ml  of  anhydrous  alcohol  was 
heated  on  a  boiling  water  bath  for  4  hours.  After  evaporating  the  reaction  mixture  down  in  vacuum,  frte  crystals 
obtained  were  washed  with  petroleum  ether  and  anhydrous  alcohol.  After  recrystallization  from  50yo  alcohol 
tile  m.p.  was  160“.  The  yield  was  1.75  g  (72’/o).  The  hydrazide  was  readily  soluble  in  dilute  hydrochloric  acid, 
moderately  in  50yo  alcohol  and  insoluble  in  ether,  chloroform  and  ethyl  acetate. 

Found  y):  C  39.32  ;  H4.93  ;  S  12.99.  CgHi203N4S.  Calculated  yo :  C  39.34  ;  H  4.92  ;  S  13.11. 

4.  The  ethyl  ester  of  a  -N-(p-aminobenzenesulfonyl)-d, 1-alanine.  This  was  prepared  from  o  -N-(p- 
aminobenzenesulfonyl)-d, 1-alanine  by  esterification  with  ethyl  alcohol  in  the  presence  of  hydrogen  chloride  or 
sulfuric  acid.  The  colorless,  lustrous,  crystalline  substance  with  m.p.  110-111“  was  readily  soluble  in  alcohol 
and  dilute  hydrochloric  acid  and  insoluble  in  water.  The  yield  was  10.44  g  (85.3yo). 

Found  y) ;  N  10.36  ;  S  11.92.  CaHieO^NiS.  Calculated  yo :  N  10.29  ;  S  11.72. 
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5.  The  amide  of  a •  N-(p-aniliiobcnzeimsulfoiiyl)-J,t-alanine.  A  solution  of  tlie  ethyl  ester  of  q-N- 
(p-amiiiobcnzenesulfonyl)-(J, 1-alanine  in  30  ml  of  alcohol,  saturated  with  ammonia  while  cooled,  was  k^pt 
at  room  temperature  for  3  days.  After  evaporating  the  reaction  mixture  down  in  vacuum,  the  residue  was 
recrystallized  from  10  ml  of  water.  Tlie  yield  was  9.2  g  (73,5 7o).  The  amide  obtained  was  colorless  needles 
witli  m.p.  170.5-171,5*,  wliich  were  soluble  in  alcohol  and  poorly  soluble  in  water. 

Found ‘Yo:  N  16.95;  S  13,01.  CjHisOjNsS.  Calculated 'Y> :  N  17.27  ;  S  13.15. 

The  same  amide  was  obtained  from  2  g  of  tlie  hydrazide  of  a-N-(p-aminobenzenesulfonyl)-d,l-alanIne, 

100  ml  of  95f7o  alcohol  and  15  g  of  Raney  nickel  by  stirring  at  the  boiling  point  of  the  alcohol  for  3  hours. 

6.  p-Hydroxy-m-metlioxybenzalhydrazide  of  a-(p-aminobenzenesulfonamido)-propionic  acid.  1  g  of  the 
hydrazide  of  a -N-(p-aminobenzenesulfonyl)-d, 1-alanine  in  20  ml  of  alcohol  was  heated  up  to  70*  and  a  hot 
solution  of  1  g  of  vanillin  in  10  ml  of  alcohol  was  added.  The  mixture  was  left  at  room  temperature  for  2  days 
and  then  was  heated  on  a  boiling  water  bath  for  4  hours.  The  precipitate  melted  at  172-175*  after  washing 
with  alcohol  and  etlier.  The  lustrous,  yellow,  crystalline  material  was  poorly  soluble  in  alcohol  and  insoluble 
in  water  and  the  usual  organic  solvents. 

Found  <70:  N  14.45.  C17H20O5N4S.  Calculated N  14.29. 

7.  N-(p-Acetylaminobenzenesulfonyl)-d,l-5erine.  To  a  solution  of  5  g  of  d,l-setine  in  60  ml  of  water, 
stirred  at  room  temperature,  was  successively  added  7  ml  of  50%  NaOH  and  16  g  of  p-acetylaminobenzenesulfonyl 
chloride.  The  reaction  medium  was  kept  alkaline  (to  phenolphthalein)  by  adding  50%  caustic  soda  (4  ml). 

After  1  hour,  the  solution  was  filtered  and  acidified  with  20%  hydrochloric  acid  (to  Congo).  We  isolated  10.8  g 
of  material.  After  recrystallization  from  50'Jo  alcohol,  tlie  m,p.  was  211-212*  and  it  was  insoluble  in  water  and 
readily  soluble  in  50Yo  alcohol. 

Found  %:  C  43.83,  43.91 ;  H  4.83,  4.81.  C11H14O6N2S.  Calculated  fo :  C  43.71 ;  H  4.63. 

8.  N-(p-Aminobenzenesulfonyl)-serine.  A  mixture  of  7.3  g  of  N-(p-acetylaminobenzenesulfonyl)-d,l- 
serine  and  75  ml  of  15Yo  hydrochloric  acid  was  heated  on  a  boiling  water  bath  until  there  was  complete  solution. 
The  solution  was  evaporated  to  dryness  in  vacuum  and  the  residue  was  dissolved  in  50  ml  of  water.  After 
neutralization  of  the  solution  with  sodium  acetate  we  obtained  5.25  g  (83.5Yo)  of  a  substance.  After  2  recrystall¬ 
izations  from  50%  alcohol  tlie  m.p.  was  212-212.5* ;  the  colorless  crystals  were  insoluble  in  ether  and  readily 
soluble  in  water  and  alcohol, 

Found%:  C  41.37,  41.30  ;  H  4.47,4.45;  N  11.00,  10.64,  CsH^ObNiS.  Calculated%:  C  41.54; 

H  4.61 :  N  10.77. 

9.  The  ethyl  ester  of  N-(p-aminobenzenesulfonyl)-serine.  A  solution  of  30.2  g  of  N-(p-acetylamlno- 
benzenesulfonyl)-d, 1-serine  in  350  ml  of  anhydrous  alcohol  was  cooled  and  saturated  with  dry  hydrogen  chloride 
and  on  the  following  day  was  heated  to  boiling  for  8  hours.  The  crystalline  precipitate  (24.5  g)  was  filtered  off 
and  washed  with  dry  alcohol.  The  m.p.  was  175-181*.  By  evaporation  of  the  mother  liquors  we  obtained  a 
further  6.7  g  of  the  substance.  The  yield  was  31.2  g  (96.25%).  From  the  solution  of  the  hydrochloride,  by  addition 
of  caustic  soda,  we  obtained  a  crystalline  substance  with  m.p.  86-87*  ;  it  was  readily  soluble  in  alcohol  and 
moderately  in  water. 

Found  %:  C  45.72;  H  5.40  ;  N  9.76.  C11H16O5N2S.  Calculated  %:  C  45.83  ;  H5.56;  N  9.72. 

The  same  substance  was  prepared  from  N-(p-amlnobenzenesulfonyl)-d, 1-serine  by  esterification  with 
anhydrous  ethyl  alcohol  in  the  presence  of  hydrogen  chloride. 
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10.  The  methyl  ester  of  N  (p-acetylaminobenzenesuIfonyl)-d,l-serlne  A  solution  of  5.65  g  of  silver 
nitrate  In  50  ml  of  water  was  quickly  added  with  stining  to  a  solution  of  10  g  of  N-(p-acetylaminobenzenesulfonyl)' 
d,l -serine  and  1.9  g  of  potassium  hydroxide  in  90  ml  of  water.  The  mixture  was  protected  from  light  and 

stirred  for  15  minutes.  The  white  precipitate  of  the  silver  salt  was  filtered  off  and  washed  with  water  and 
anhydrous  alcohol.  The  yield  was  11,7  g  (87.55b). 

To  a  suspension  of  11.7  g  of  this  silver  salt  in  220  ml  of  dry  benzene,  8.5  ml  (19  g)  of  methyliodide 
was  gradually  added  over  a  period  of  40  minutes  with  stirring  and  then  the  stirring  was  continued  for  4  hours, 
while  die  mixture  was  protected  from  light.  Then  the  reaction  mixture  was  heated  on  a  water  bath  at  25-60* 
for  2  hours  and  for  3  hours  at  the  boiling  point  of  the  benzene.  After  cooling,  200  ml  of  methyl  alcohol  was 
added  to  die  contents  of  the  flask,  the  mixture  was  again  heated  to  boiling  and  the  silver  iodide  formed  was 
then  filtered  off.  The  filtrate  was  evaporated  down  in  vacuum  and  the  crystalline  precipitate  obtained  was 
recrystallized  from  85  ml  of  methyl  alcohol.  We  obtained  2.9  g  of  a  colorless,  crystalline  substance.  On 
cooling  (“iO*),  we  isolated  a  fiirdier  3.45  g  from  the  mother  liquor.  The  total  yield  was  .70<5b.  The  m.p,  was 
164-165*.  It  was  very  readily  soluble  in  methyl  alcohoU  insoluble  in  ether  and  benzene  and  also  in  solutions 
of  bicarbonate  and  dilute  hydrochloric  acid. 

Found  0  45.40;  H5.04;  N  8.53.  CuHisOsNjS.  Calculated  <5b :  C  45.57;  H5.06:  N  8.86. 

11.  The  methyl  ester  of  fl-(p-acetylaminobenzenesulfonamido)-6-chloropropionic  acid.  A  mixture  of 

6  g  of  methyl  ester  of  N-(p-acetylaminobenzenesulfonyl)-d, 1-serine  and  50  ml  of  freshly  distilled  thionyl  chloride 
was  gradually  heated  up  to  65*  over  a  period  of  20  minutes  widi  stirring  and  then  for  a  further  5  minutes.  Then 
the  excess  thionyl  chloride  was  distilled  off  in  vacuum  without  heating.  On  adding  dry  ether  (100  ml)  to  the 
residue  we  obtained  4.72  g  of  a  li^t  yellow  substance,  which  was  soluble  in  methyl  and  ethyl  alcohols  and 
insoluble  in  ether  and  water ;  the  m.p,  was  130  - 136*.  On  standing  in  air  the  substance  darkened.  The  yield 
was 

Found  <5b:  0110.89;  N  8.21.  C^Hi^sNiClS  Calculated  <70 :  0110.61;  N  8.37. 

12.  N-(p-Aminobenzenesulfonyl)-d,l -cysteine.  A  mixture  of  1.67  g  of  the  methyl  ester  of  a-(p-acetyl- 
aminobenzenesulfonamido)-6 -chloro-d,l-propionic  acid  and  2,4  gof  potassium  ethylxanthogenate  in  5  ml  of 
water  was  vigorously  stirred  at  room  temperature  for  1  hour  and  then  left  for  a  day,  after  which  it  was  acidified 
with  20^  hydrochloric  acid  (to  Congo).  The  precipitate  was  filtered  off  and  washed  with  small  portions  of 
water.  The  xanthogenate  derivative  obtained  (1.52  g)  was  dissolved  in  12  ml  of  alcohol  and  the  solution  was 
treated  with  10  ml  of  an  aqueous  solution  of  ammonia  (257o).  After  three  days  standing  at  room  temperature, 
the  reaction  mixture  was  carefully  acidified  to  Congo  with  concentrated  hydrochloric  acid  while  cooled  and  then 
was  evaporated  down.  The  oily  substance  obtained,  containing  fine  crystals,  was  heated  with  10  ml  of  155b 
hydrochloric  acid  until  it  completely  dissolved  and  then  the  solution  was  treated  with  metallic  zinc  (7.5  g) 

for  0.5  hours.  On  evaporating  down  the  solution  in  a  stream  of  nitrogen,  we  obtained  a  clear,  oily  substance, 
which  was  dissolved  in  3  ml  of  water  and  the  solution  was  treated  with  sodium 'acetate  until  there  was  no  acid 
reaction  (Congo),  ki  this  way  we  isolated  a  white  crystalline  substance  (1.12  g),  which  had  m.p.  188-192* 

(wltii  decomp.)  after  two  recrystallizations  from  water  (with  Na2S204  added).  The  yield  was  0.73  g  (535b). 
N-(p-Aminobenzenesulfonyl)-d, 1-cysteine  is  a  colorless,  finely  crystalline  substance,  which  is  soluble  in  water 
and  insoluble  in  ether  and  chloroform.  It  forms  a  mercaptide  with  lead  acetate  as  a  white  precipitate  and 
gives  a  pale  blue  color  with  sodium  nitroprusside. 

Found  <5b:  N  10.27  ;  S  23.34.  C,Hi204N2S2.  Calculated  <5b :  N  10.14;  S  23.18. 

The  same  substance  was  obtained  from  d, 1-cysteine. 

To  a  solution  of  2  g  of  d, 1-cysteine,  0.4  g  of  hydrosulfite  and  25  ml  of  water  in  a  stream  of  nitrogen,  were 
succesilvely  added  10  ml  of  10%  NaOH  and  4.83  g  of  p-acetylaminobenzenesulfonyl  chloride.  The  reaction 
medium  was  kept  slightly  alkaline  by  the  addition  of  10%  caustic  soda  (11  ml).  After  3  hours  stirring  in  a  stream 
of  nitrogen,  file  alkaline  solution  was  filtered  and  the  filtrate  was  acidified  to  Congo  with  concentrated  hydrochlo? 
ric  ;  acid.  The  white  precipitate  obtained  in  this  way  (3.4  g)  was  heated  with  40  ml  of  15%  hydrochloric  acid 
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on  a  boiling  water  bath  for  1.5  hours.  The  acid  solution  was  cooled  to  50*  and  treated  witli  metallic  zinc  (5  g) 
and  tlien  worked  up  as  in  the  previous  experiment.  We  obtained  1.85  g  of  a  crystalline  substance,  which,  after 
2  recrystallizations  from  water,  did  not  depress  tlie  melting  point  of  N-(p-aminobenzenesulfonyl)-d,l-cysteine, 
synthesized  b\  method  1  and  melted  at  188-191“  (with  decomp.). 

13.  The  liydrochloride  of  N-(p-aminobcnzenesulfonyl)-S~ethyl-d,l-cysteine.  Ethyl  mercaptan  was 
passed  into  a  solution  prepared  from  0.23  g  of  metallic  sodium  and  15  ml  of  anhydrous  alcohol  [10]  and  then  a 
solution  of  3.35  g  of  the  metliyl  ester  of  a -(p-acetylaminobenzenesulfonamido)-8 -chloro-d,l-propionic  acid 
in  15  ml  of  anliydrous  alcohol  was  added.  The  mixture  was  boiled  for  2  hours.  On  evaporating  down  to  dryness, 
we  obtained  an  oily  substance,  which  was  heated  with  20  ml  of  15^  hydrochloric  acid  on  a  boiling  water  bath 
until  it  completely  dissolved  (1.5  hours).  The  solution  was  evaporated  in  vacuum  to  1/3  of  the  original  volume ; 
tliis  precipitated  a  yellow  crystalline  substance  which  had  m.p.  159-162"  after  2  recrystallizations  from  15“^ 
hydrochloric  acid.  It  was  very  readily  soluble  in  water  and  soluble  in  dilute  hydrochloric  acid  and  alkali.  The 
substance  obtained  gave  a  negative  reaction  for  a  free  mercapto  group.  The  yield  was  1.3  g  (38.2%). 

Found  %:  N  8.38  ;  Cl  10.66.  CiiHi504N2S2-HCl.  Calculated  %:  N  8.22  ;  Cl  10.42. 

The  same  substance  was  prepared  from  1.38  g  of  N-(p-aminobenzenesulfonyl)-d, 1-cysteine,  16  ml  of  5% 
caustic  soda,  8  ml  of  alcohol  and  2.34  g  of  ethyl  iodide  by  stirring  in  a  stream  of  nitrogen  for  14  hours. 

14.  The  hydrochloride  of  N-(p-aminobenzenesulfonyl)-S-butyl-d,l-cysteine.  1.1  g  of  freshly  distilled 
n-butyl  mercaptan  [11]  was  added  to  a  solution  of  0.23  g  of  metallic  sodium  in  20  ml  of  anhydrous  alcohol. 

The  reaction  mixture  was  treated  with  a  solution  of  3.35  g  of  the  methyl  ester  of  a-(p-acetylaminobenzenesul- 
fonamido)-  S -chloro-d,l-propionic  acid  in  15  ml  of  anhydrous  alcohol,  as  described  for  the  preparation  of  die 
hydrochloride  of  N-(p-aminobenzenesulfonyl)-S-ethyl-d, 1-cysteine.  We  obtained  1.58  g  (43%)  of  the  hydro¬ 
chloride  of  N-(p-aminobenzenesulfonyl)-S-butyl-d,l-cysteine  as  colorless,  lustrous,  needle-like  crystals  with 
m.p.  148-152“  (from  15%  hydrochloric  acid).  The  substance  was  readily  soluble  in  water  and  poorly  soluble 

in  dilute  hydrochloric  acid.  It  gave  a  negative  reaction  for  a  mercapto  group. 

Found  %:  N  7.52  ;  Cl  9.80.  C13H20O4N2S2  •  HCl.  Calculated  %:  N  7.59  ;  Cl  9.63. 

The  same  substance  was  prepared  from  0.83  g  of  N-(p-aminobenzenesulfonyl)-d, 1-cysteine,  14  ml  of  5% 
caustic  soda  solution,  7  ml  of  alcohol  and  1.66  g  of  butyl  iodide  by  stirring  in  a  stream  of  nitrogen  for  14  hours. 

15.  N-(p-Acetylaminobenzenesulfonyl)-S- ethyl -J^-cysteine.  To  125  ml  of  liquid  ammonia  was  added 
successively  2.5  g  of  1 -cysteine  and  0.96  g  of  metallic  sodium  with  vigorous  stirring.  After  the  disappearance  of 
the  blue  color,  the  mixture  was  stirred  with  4  ml  (7.6  g)  of  ethyl  iodide  for  3  hours  at  room  temperature ;  during 
this  time  the  liquid  ammonia  evaporated.  The  white  residue  was  dissolved  in  100  ml  of  water  and  the  solution 
was  stirred  for  2  hours,  made  alkaline  to  phenolphthalein  and  the  unreacted  ethyl  iodide  was  extracted  with 
ether.  The  aqueous  solution  was  treated  with  5.35  g  of  p-acetylaminobenzenesulfonyl  chloride.  After  acid 
ification,  we  obtained  2.8  g  of  a  precipitate  with  m.p.  174-178".  The  yield  was  38.9%  on  the  h^cysteine. 

After  recrystallization  from  60%  alcohol,  the  colorless  needles  had  m.p.  180-182*  and  were  soluble  in  water 
and  alcohol.  They  had  [a]p  +8.0  ( 1%  alcohol  solution). 

Found  %:  C  44.74;  H5.  05;  N  8.01.  C13H18O5N2S2.  Calculated  %:  C  45.09 ;  H  5.20  ;  N  8.09. 

16.  N-(p-Aminobenzenesulfonyl)-S-ethyl-l-cysteine.  N-(p- Acetylaminobenzenesulfonyl)-S-ethyl-2;‘ 
cysteine  (1.73  g)  was  hydrolyzed  by  heating  with  30  ml  of  15%  hydrochloric  acid  on  a  boiling  water  bath  for 
1.5  hours.  The  solution  was  evaporated  to  dryness  in  vacuum.  The  oily  residue  was  dissolved  in  10  ml  of 
water  and  the  solution  was  neutralized  with  sodium  acetate  (to  litmus).  The  precipitate  had  m.p.  152-153* 
after  2  crystallizations  from  water.  It  was  readily  soluble  in  water  and  alcohol.  It  had[a]Q— 12,8  ( 1%  solution 
in  2  N  HCl). 

Found  %:  C  43.35;  H5.14;  N  9.29.  C11H16O4N2S2.  Calculated  %;  C  43.42;  H5.26;  N  9.21. 
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n,  N-(p"Aminobenzenesulfonyl)-d,l-glutamic  acid.  A  solution  of  7.35  g  of  d,l -glutamic  acid  and 
10  ml  of  40^  caustic  soda  in  75  ml  of  water  was  treated  witli  11.7  g  of  p-acetylaminobenzenesulfonyl  chloride 
by  die  usual  method.  After  acidification  tlie  solution  was  saturated  witli sodium  chloride  and  extracted  with 
ethyl  acetate.  Evaporation  of  die  solution  gave  a  crystallineresidue  ,  which  was  hydrolyzed  by  heating  with 
40  ml  of  ISVo  hydrochloric  acid  by  die  usual  method.  The  material  obtained  was  twice  recrystallized  to  give 
lustrous,  short  needles  with  m.p,  175-175.5“,  which  were  poorly  soluble  in  water.  The  yield  was  7.6  g  (50.S7o 
on  die  glutamic  acid). 

Found  *55):  N9.16;  S  10.65.  CuHnOeNjS.  Calculated  :  N  9.27  ;  S  10.59. 

18.  N-(p-Aminobenzenesulfonyl)-d,l-norleucine.  To  a  solution  of  13.65  g  of  a-bromo-n-caproic  acid 
in  45  ml  of  alcohol  was  added  21.1  g  of  the  potassium  salt  of  the  sulfanilamide,  prepared  in907o  yield  by 
mixing  a  hot  solution  of  17.2  g  sulfanilamide  in  anhydrous  alcohol  witii  a  \^o  alcohol  solution  of  5.6  g  of 
potassium  hydroxide.  The  mixture  was  heated  on  a  boiling  water  bath  for  8  hours.  The  precipitate  of  potassium 
bromide  was  filtered  off  and  the  alcohol  solution  was  evaporated  to  dryness  in  vacuum.  The  residue  was  treated 
with  a  107o  solution  of  soda  and  the  solution  was  neutralized  with  acetic  acid  (litmus).  The  precipitate  obtained, 
after  recrystalUzation  from  vater,  was  a  colorless,  fine  crystalline  substance  with  m.p.  164*,  which  was  poorly 
soluble  in  cold  water  (  1: 100).  The  yield  was  15.6  g  (78^o). 

Found  C  50.30  ;  H  6.09  ;  N  9.64.  Ci2Hi804N2S.  Calculated  7o :  C  50.35  ;  H  6.29  ;  N  9.79. 

The  N-(p-amihobenzenesulfonyl)-d,l-norleucine  obtained  was  recrystallized  from  20%  hydrochloric  acid. 
Its  hydrochloride  was  obtained  as  a  colorless,  coarsely  crystalline  substance  with  m.p.  172  —  176“. 

Found  N  8.46  ;  Cl  10.93.  C12H18O4N2S*  HCl.  Calculated  %:  N  8.68  ;  a  11.01. 

19.  N"(p-Acetylaminobenzenesulfonyl)-  e  -leucine.  From  10  g  of  cyclohexanone  we  obtained  11.3  g  of 
its  oxime,  which  was  converted  by  Eck  and  Marvel’s  method  [12]  into  e  -aminocaproic  acid  through  caprolactam. 
The  acid  solution  thus  obtained  was  made  alkaline  with  40%  sodium  hydroxide  (to  phenolphthalein)  and  the 
solution  was  treated  with  p-acetylaminobenzenesulfonyl  chloride  (23.4  g)  by  Schotten-Baumann’s  method. 

The  crystalline  substance  isolated  was  recrystallized  from  50%  alcohoL  e  -(p-aminobenzenesulfonamido)-n- 
caproic  acid  was  a  colorless  crystalline  substance,  which  was  readily  soluble  in  alcohol,  insoluble  in  water  and 
had  m.p.  146—147".  The  yield  was  23.6  g  or  72%,  calculated  on  the  cyclohexanone. 

Found  %:  .  C  51.31;  H6.10;  N  8.44,  Ci4H2o05N2S.  Calculated  7o :  C  51.22  ;  H  6.09  ;  N  8.54. 

20.  d,l- Leucine.  17.2  g  of  pure  isovaleraldehyde  (b.p.  90—92“)  was  gradually  added  with  vigorous  stirring 
over  a  period  of  40  minutes  to  a  solution  prepared  from  11  g  of  95%  sodium  cyanide  and  14  g  of  ammonium 
chloride  in  50  ml  of  water.  Then  the  mixture  was  heated  at  60-63"  for  1.5  hours  with  vigorous  stirring.  After 
cooling.the  oily  layer  of  the  aminonitrile  was  separated  from  the  aqueous  layer  and  the  latter  was  extracted 
with  ether.  Evaporation  of  the  ether  extract  gave  an  oily  substance,  which  was  added  to  the  aminonitrile 
isolated.  We  obtained  22.2  g  of  technical  a-aminoisocapronitrile  as  a  dark  oil. 

70  ml  of  concentrated  hydrochloric  acid  was  added  to  the  aminonitrile  obtained  with  energetic  stirring. 

The  reaction  mixture  was  carefully  heated  to  90-93“ ;  at  this  it  effervesced  vigorously.  After  10  hours  heating 
the  aminonitrile  completely  dissolved.  The  solution  was  filtered  to  remove  the  tar  formed  and  evaporated  to 
dryness  in  vacuum.  To  remove  the  excess  hydrogen  chloride  from  the  residue,  water  was  added  and  distilled 
off  several  times.  The  white  crystalline  residue  (35.5  g)  was  a  mixture  of  the  hydrochloride  of  d, 1-leucine  and 
ammonium  chloride  and  was  recrystallized  from  50  ml  of  water  by  heating.  We  obtained  8.6  g  of  the  hydro¬ 
chloride  of  d,l-leucine  as  a  colorless  crystalline  substance  with  m.p.  230"  (from  20%  hydrochloric  acid).  By 
neutralizing  an  aqueous  solution  of  the  amino  acid  hydrochloride  with  bicarbonate,  we  isolated  3.12  g  of  d,l- 
leucine,  which  after  recrystallization  from  water  (100  ml)  formed  colorless,  lustrous  plates  (2,82  g)  with  m.p. 
268-270“  ;  it  did  not  depress  the  melting  point  (267-269“)  of  d,l-leucine.  The  overall  yield  was  36.8%, 
calculated  on  the  aldehyde. 
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SUMMARY 


1.  We  prepared  a  series  of  previously  unknown  sulfanyl  derivatives  of  the  following  natural  amino  acids: 
glycine,  alanine,  phenylalanine,  serine,  cysteine,  cystine,  dimethylcysteine,  methionine,  leucine,  norleucine, 

€  -leucine,  glutamic  acid,  prolinc  and  tryptophan,  their  esters,  hydrazides  and  hydrazones. 

2.  Besides  forming  esters  die  N-acetyl  group  was  saponified  in  the  esterification  of  N-(p-acetylamino- 
benzenesulfonyl)-amino  acids.  The  esters  of  N-(p-acetylaminobenzenesulfonyl)-amino  acids  were  obtained 
by  treating  their  silver  salts  with  alkyl  iodides. 

3.  Using  N-(p-aminobenzenesulfonyl)-alanine  as  an  example,  it  was  shown  that  the  hydrazides  of  N-(p- 
aminobenzenesulfonyl)-amino  acids  may  be  converted  into  the  corresponding  amides  by  treatment  with  a 
nickel  catalyst. 

4.  N-(p-aminobenzenesulfonyl)-cysteine  and  its  S-alkylated  derivatives  were  synthesized  from  the 
sulfanyl  derivative  of  serine. 

5.  It  was  shown  that  no  migration  of  the  sulfanilyl  group  from  nitrogen  to  oxygen  took  place  in  N-(p- 
aminobenzenesulfonyl)-serine  when  it  was  treated  with  acids. 

6.  Sulfanyl  derivatives  of  amino  acids  containing  a  free  sulfhydryl  group  were  synthesized. 

7.  A  new  way  of  synthesizing  N-(p-aminobenzenesulfonyl)-amino  acids  was  developed  which  consisted 
of  reacting  the  potassium  salt  of  sulfanilamide  with  the  halo  acids. 

8.  No  materials  with  hi^  anti-bacterial  activity  were  found  among  the  preparations  synthesized. 
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INVESTIGATION  OF  THE  PROCESS  OF  POLYMERIZATION  OF  STYRENE  UNDER 
THE  INFLUENCE  OF  DIAZOAMINO  COMPOUNDS  AND  ACTIVATORS 

P.  A.  Vinogradov 


B.  V.  Byzov  [1]  was  the  first  to emplcy  diazoamino  compounds  as  initiators  of  polymerization.  He  ef¬ 
fected  the  polymerization  of  isoprene  and  buudiene  in  presence  of  diazoamino  compounds  in  the  condensed 
phase  and  the  process  went  with  extreme  slowness  at  a  sufficiently  high  temperature  (100-150*). 

The  present  investigation  established  that  the  rate  of  polymerization  of  unsaturated  compounds  in  the 
condensed  phase  in  presence  of  diazoamino  compounds  is  considerably  increased  under  the  influence  of  organic 
acids  and  their  anhydrides.  In  our  opinion,  this  effect  is  due  to  acceleration  of  the  breakdown  of  the  diazoamino 
compounds  which  is  accompanied  by  formation  of  intermediate  compounds  nitrosoacyl-arylamines.  For  ex¬ 
ample,  under  the  influence  of  acetic  acid,  diazoaminobenzene  can  break  down  with  formation  of  nitrosoacetyl* 
anilide: 


/NO 

C6H6N=N— NH— CeHs  -f-  CH3COOH  ^  CeHgN^  h-  CbHsNHs. 

\COCH3 


The  latter  is  unstable  and  decomposes  with  formation  of  free  radicals  which  initiate  polymerization  [2]: 


/NO 

CeHgN/ 

\COCH3 


CeHg.-t-Nz-^CHaCOO 


CeHg  •  -hCH=CH2-*-C6H5— CH— CH2  •  h  t.  a. 

I  I 

CeHs  CeHs 


EXPERIMENTAL 

Influence  of  organic  acids  and  their  anhydrides  on  the  rate  of  polymerization.  The  monomer  selected 
for  the  experiments  was  styrene,  d™  0.9055,  styrene  content  99.9^  .  It  was  stabilized  with  hydroquinone. 

Prior  to  each  experiment  the  hydroquinone  was  removed  by  washing  with  alkali  solution  and  the  styrene  was 
then  dried  with  calcium  chloride  and  used  immediately  after  distillation.  Diazoaminobenzene  (DAB)  was  ob¬ 
tained  by  recrystallization  of  the  technical  product  from  ethyl  alcohol.  The  purified  product  contained  98-99*70 
diazoaminobenzene.  Organic  acids,  apart  from  formic  and  oleic  acids,  were  used  in  the  form  of  pure  prepara¬ 
tions.  Formic  acid  (technical)  was  concentrated  by  distillation  with  phosphorus  pentoxide  [3].  Oleic  acid  was 
isolated  by  vacuum  distillation  of  the  technical  material.  Acetic  anhydride  was  used  after  fractional  distilla¬ 
tion  of  the  reagent  grade. 

Polymerization  of  styrene  was  effected  in  10-12  ml  ampoules.  Diazoaminobenzene  (2wt.-*7o)  was  added 
to  the  styrene  before  the  experiment.  Organic  acid  or  anhydride  was  added  in  varying  proportions.  All  the 
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necessary  operations  uere  conducted  in  a  nitrogen  aunospliere.  The  sealed  ampoules  conuining  the  reaction 
mixtures  were  heated  in  an  oil  thermostat  at  70  i  O.'d".  At  definite  intervals  of  time  the  amponles  were  taken 


Fig.  1.  Influence  of  acids  on  tfie  speed  of  polymerization, 
1)  rnonochloroacetic  acid;  2)  formic  acid;  3)  acetic  acid; 
4)  benzoic  acid;  5)  butyric  acid;  6)  oleic  acid. 


out  consecutively  from  the  thermostat  and  cooled  in  a  mixture  of  ice  and  salt.  The  amount  of  polymer  formed 
was  determined  by  weighing  the  dry  residue  after  removal  of  styrene  [1]. 

The  influence  of  different  organic  acids  on  tlie  speed  of  polymerization  was  investigated.  The  experi¬ 
mental  data{Fig.  1)  show  that  the  process  of  polymerization  of  styrene  in  the  condensed  phase  under  the  in¬ 
fluence  of  diazoaminobenzene  is  considerably  accelerated  in  presence  of  organic  acids.  The  ability  to  ac¬ 
celerate  polymerization  of  the  diazoaminobenzene-initiated  process  is  not  a  specific  property  of  individual 
acids  but  is  a  general  property  common  to  all  acids  soluble  in  hydrocarbons. 

The  influence  of  acetic  and  maleic  anhydrides  was  examined.  The  data  of  Fig.  2  show  that  hydrocarbon- 
soluble  anhydrides  of  organic  acids  likewise  accelerate  the  process  of  polymerization  of  styrene  in  the  condensed 
phase  under  the  influence  of  diazoaminobenzene. 

A  similar  influence  of  organic  acids  on  the  speed  of  polymerization  of  styrene  Is  observed  In  presence  of 
o,o*-dimethyldiazoaminobenzene  and  of  p,p'-dimethyldiazoamlnobenzene  (Table  1). 

o,o*-Dimethyldiazoaminobenzene  and  p.p’-dimethyldiazoaminobenzene  were  synthesized  in  the  usual 
manner  by  diazotization  and  simultaneous  coupling  of  the  respective  toluidines  [5]. 

Kinetics  of  polymerization  and  kinetics  of  breakdown  of  diazoaminobenzene. 

One  of  the  factors  known  to  govern  the  velocity  of  polymerization  Is  the  rate  of  breakdown  of  the  initi¬ 
ator  [4,  6].  In  our  investigation  we  studied  the  Influence  of  organic  acids  on  the  rate  of  breakdown  of 
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diazoaniinobenzene  during  the  polymerization  of  styrene.  For  this  purpose  we  instituted  kinetic  experiments  in 
which  we  determined,  apart  from  tlie  polymer  yield,  the  amount  of  nitrogen  released  during  polymerization  and 
the  content  of  undecomposed  diazoaminobenzene. 

The  volume  of  nitrogen  released  was  measured  with  a  buret  in  the  course  of  the  entire  experiment  The 
amount  of  diazoaminobenzene  decomposed  was  calculated  from  the  volume  of  nitrogen  found.  The  diazoami¬ 
nobenzene  in  the  styrene  and  in  the  polymerizing  mixture  was  determined  by  the  mediod  based  on  its  break¬ 
down  by  hydrochloric  acid  [7].  Data  characterizing  the  accuracy  of  determination  of  diazoaminobenzene  in 
the  polymer  solution  are  presented  in  Table  2, 


Concentration  (in  % 

Fig.  2.  Influence  of  anhydrides  of  organic 
acids  on  the  speed  of  polymerization, 

1)  Acetic  anhydride;  2)  maleic  anhydride. 


2  4  6  8  fO  f2 


Duration  (hours) 

Fig.  3.  Rate  of  polymerization  and  breakdown 
of  diazoaminobenzene  (DAB). 

1)  Yield  of  polymer;  2)  total  breakdown  of  DAB; 
3)  breakdown  of  DAB  (from  nitrogen  released). 


Experimental  results  for  the  speed  of  styrene  polymerization  and  of  diazoaminobenzene  breakdown  during 
the  reaction  are  plotted  in  Fig.  3  which  relates  to  results  obtained  in  presence  of  O.lS^^o  monochloroacetic  acid. 
An  Interesting  fact  that  emerges  from  the  results  is  that  during  polymerization  in  presence  of  organic  acids,  the 
diazoaminobenzene  undergoes  transformation  both  with  and  without  liberation  of  nitrogen. 

Kinetic  data  for  the  influence  of  different  organic  acids  on  the  speed  of  polymerization  and  on  the 
breakdown  of  diazoaminobenzene  are  presented  in  Fig.  4,  The  data  clearly  establish  a  relation  between  speed 
of  polymerization  and  breakdown  of  diazoaminobenzene,  rise  of  speed  of  polymerization  being  accompanied 
by  acceleration  of  decomposition  of  diazoaminobenzene.  We  can  also  observe  a  relation  between  speed  of 
polymerization  and  breakdown  of  diazoaminobenzene  on  the  one  hand  and  acid  strength  on  the  other  hand. 

The  stronger  the  acid  the  higher  the  speed  of  polymerization  and  the  greater  the  decomposition  of  diazoami¬ 
nobenzene  as  judged  by  the  total  concentration  of  the  latter  and  by  the  volume  of  nitrogen  released.  The  re¬ 
sults  enable  the  organic  acids  used  in  the  investigation  to  be  arranged  in  the  following  order  of  activity  in  the 
polymerization  process:  monochloroacetic  acid  >  formic  >  acetic  >  benzoic  >  butyric  >  oleic. 

Results  of  experiments  on  polymerization  of  styrene  and  breakdown  of  diazoaminobenzene  in  presence  of 
various  concentrations  of  monochloroacetic  acid  are  plotted  in  Fig.  5.  We  can  see  that  increasing  concentra¬ 
tion  of  acid  up  to  a  certain  limit  (about  0.3*70)  is  accompanied  by  a  steady  rise  in  velocity  of  polymerization 
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monochloroacetic  aci( 


breakdown  of  diazoaminobenzene  (DAB)  in  presence  of  monochloroacetic  add. 


TABLE  1 


Polymerization  of  Styrene  in  Presence  of  Different  Uiazoamino  Compounds  and  Organic  Acids 
(Concentration  of  initiator  2  weight-'’/j  on  tlie  styrene,  temperature  of  experiments  70*,  duration  6  hours) 


Name  of  acid 

Optimum  acid 

Yield  of  polymer  (weight-‘7o)  with  polymerization 

concentration 

initiator 

(weight-7o) 

o,o'-dimethyldiazo- 

p,p*-dimethyl- 

amino  benzene 

diazoaminobenzene 

Widiout  acid 

0 

0 

0 

Monochloroacetic  Acid 

0.02 

94.6 

87.2 

Formic 

0.05 

86.3 

85.2 

Acetic 

0.40 

79.4 

71.4 

Benzoic 

0.40 

77,0 

63.4 

Butyric 

0.40 

76.3 

60.7 

Oleic 

1.0 

69.1 

49.7 

TABLE  2 

Diazoam  inobenzene 

Diazoaminobenzene 

introduced  into  solu¬ 

found  by  analysis 

tion  of  polystyrene 
in  xylene  ( weigh t-^) 

(weight-7o) 

0.21 

0.22 

0.50 

0.47 

1.01 

0.99 

2.03 

1.99 

and  in  velocity  of  nitrogen  formation.  Increase  in 
concentration  of  acid  up  to  this  limit  leads  to  cessa¬ 
tion  of  the  reaction  at  a  definite  stage  of  the  process. 
This  occurs  the  more  quickly  the  higher  the  concen¬ 
tration  of  acid.  A  similar  correlation  is  found  for  the 
formation  of  nitrogen.  The  total  breakdown  of  diazo- 
aminobenzene,  however,  continues  to  rise  with  in¬ 
creasing  concentration  of  acid.  The  experimental  re¬ 
sults  permit  us  to  conclude  that  stoppage  of  the  poly¬ 
merization  reaction  coincides  with  complete  disap¬ 
pearance  of  the  diazoaminobenzene. 

The  accelerating  action  of  organic  acids  on  the 
process  of  polymerization  of  styrene  in  presence  of 
diazoaminobenzene  is  accompanied  by  change  in  the 
molecular  weight  of  the  polymer.  Table  3  contains 
data  characterizing  the  average  molecular  weight  of 
specimens  of  polystyrene  obtained  by  polymerization 
in  presence  of  2%  diazoaminobenzene  and  organic 
acids  and  anhydrides  (in  optimum  concentrations). 


Concentratloa  of  acid  (weight-*5b) 

Fig.  6.  Breakdown  of  diazoaminobenzene  (DAB)  in 
xylene  in  presence  of  monochloroacetic  acid. 
(Duration  of  experiment  15  hours). 

1)  Toul  consumption  of  DAB;  2)  breakdown  of  DAB 
(from  amount  of  aniline  formed);  3)  breakdown  of 
DAB  (from  volume  of  nitrogen  formed);  4)  formation 
of  aminoazobenzene. 


The  data  show  that  the  molecular  weight  of  the  polymer  obtained  in  presence  of  organic  acid  is  consider¬ 
ably  lower  than  that  of  polymer  obtained  in  the  absence  of  acid.  Consequently,  the  molecular  weight  of  the 
polymer  changes  with  the  speed  of  the  process.  As  was  shown  above  (Fig.  4),  the  speed  of  the  process  depends 
upon  the  speed  of  breakdown  of  diazoaminobenzene  or  in  turn  on  the  rate  of  formation  of  free  radicals.  Con¬ 
sequently,  the  results  obtained  are  in  harmony  with  the  recombination  mechanism  of  breaking  of  the  molecular 
chain  or  of  rupture  of  the  chain  due  to  disproportionation  of  radicals  [8]. 
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TABLE  3 


Molecular  Weight  of  Polystyrene 
(Polymerization  temperature  70*) 


Name  of  activator 

Activator 

Yield  of  1 

Average 

molecmai 

concentra- 

polystyrene 

tion  (‘5fe) 

((weight-'^fc) 

weight  of 
polystyrene 

Organic  acids 


Without  acid 

0 

100 

106900 

Monochloroacetic 

0.15 

100 

17000 

Formic 

0.15 

100 

17800 

Acetic 

1.0 

98.0 

25300 

Benzoic 

1.2 

97.5 

25800 

Butyric 

1.8 

94.0 

27400 

Oleic 

5.0 

100 

33100 

Anhydrides  of  tvganic  acids 

Maleic 

1  1.0 

94.0 

1  19800 

Acetic 

3.0 

100 

19200 

TABLE  4 


Composition  of  mixture  (weight-<7o) 

Determined  (weight-'^o) 

Aniline 

Aminoazobenzene 

Diazoam  inobenzene 

Aniline 

Am  inoazo  benzene 

0.37 

0.43 

1.02 

0.38 

0.41 

0.58 

0.37 

0.95 

0.53 

0.33 

0.21 

1.00 

0.98 

0.32 

0.94 

TABLE  5 

Decomposition  of  Diazoaminobenzene  (DAB) 
in  Xylene  Solution  in  Presence  of  Acetic  Acid 


Concentra¬ 
tion  of  acid 
(weight-^^o) 

Total  fa  11  in 
amount  of 
DAB  (in  % 

Found  (in  %  of  original 
amount  of  DAB) 

aniline 

nitro¬ 

gen 

aminoazo 

benzene 

1.0 

23.3 

18.4 

19.0 

5.3 

2.0 

26,0 

19.6 

18.8 

5.9 

3.0 

31.5 

25.5 

22.2 

7.3 

4.0 

43.5 

29.9 

33.2 

8.7 

5.0 

57.0 

47.5 

32.7 

10.7 

7.0 

88.3 

56.0 

54.3 

28.9 

10.0 

100.0 

60.3 

60.6 

33.6 

12.0 

100.0 

66.2 

63.0 

33.5 

15.0 

100.0 

62.5 

54.3 

38.4 

Determination  of  composition  of  products  of 
breakdown  of  diazoaminobenzene.  B.  A.  Dolgoplosk 
et  al.  [,9]  studied  the  thermal  breakdown  of  diazoamino¬ 
benzene  in  butylbenzene  and  characterized  it  only  by 
the  rate  of  liberation  of  nitrogen  during  the  reaction. 
There  are  no  other  literature  data  for  the  composition 
of  the  products  of  breakdown  of  diazoaminobenzene  in 
a  hydrocarbon  medium. 

Under  our  polymerization  conditions,  substances, 
apart  from  nitrogen,  likely  to  be  formed  during  break¬ 
down  of  diazoaminobenzene  are  aniline  and  amlnoazo- 
benzene.  Due  to  the  analytical  difficulties  of  deter¬ 
mination  of  these  compounds  in  die  polymer  or  in  poly¬ 
mer  solution,  the  breakdown  of  diazoaminobenzene  was 
effected  in  xylene  solution,  and  die  products  of  break¬ 
down  were  studied. 


For  determination  of  aniline,  the  latter  was  sep¬ 
arated  from  die  xylene  solution  in  the  form  of  die  hydrochloride  by  washing  10  g  of  the  mixture  at  0’  with  di¬ 
lute  hydrochloric  acid  (4  ml  chem.  pure  hydrochloric  acid  in  100  ml  water).  The  aniline  in  the  hydrochloric 
acid  solution,  after  its  separation  from  the  xylene  solution,  was  determined  by  diazo  titration  with  0.1  N 
sodium  nitrite  solution  at  0*  [7], 
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Aminoazobenzene  was  determined  by  reduction  with  a  hydrochloric  acid  solution  of  tin  cliloride  by  the 
method  of  Limpricht  [7].  Prior  to  reduction  of  tlie  aminoazobenzene,  the  reagent  acid,  containing  a  weighed 
sample  (10  g)  of  material  and  15  ml  hydrochloric  acid,  was  heated  on  a  boiling  water  bath  until  the  diazoami- 
nobenzene  was  completely  decomposed.  A  standard  solution  of  tin  chloride  was  then  run  into  the  flask  in  a 
stream  of  carbon  dioxide,  and  the  flask  was  again  heated  for  sVj  hours.  After  cooling,  the  excess  of  tin 
chloride  was  back-titrated  with  0.1  N  potassium  bichromate  in  presence  of  potassium  iodide,  using  starch  as  in¬ 
dicator.  Tests  of  these  procedures  with  artificial  mixtures  of  aniline  and  aminoazobenzene  gave  sufficiently 
accurate  results  (Table  4). 

Decomposition  of  diazoaminobenzene  in  xylene  solution  was  carried  out  in  presence  of  monochloroacetlc 
acid  (various  concentrations).  The  experiments  were  effected  in  a  diermostat  at  70*  for  15  hours.  In  all  ex¬ 
periments  the  concentration  of  diazoaminobenzene  was  2%  Diazoaminobenzene,  aniline  and  aminoazobenzene 
were  determined  in  xylene  solution  containing  the  products  of  breakdown  of  diazoaminobenzene.  In  addition, 
the  volume  of  nitrogen  released  during  breakdown  was  measured  during  each  experiment.  Diphenylamine  was 
not  quantitatively  determined  since  qualitative  tests  [7]  were  negative.  Results  of  determination  of  the  products 
of  breakdown  of  diazoaminobenzene  under  the  action  of  monochloroacetlc  acid  are  plotted  in  Fig.  6,  and  those 
in  presence  of  acetic  acid  are  presented  in  Table  5. 

The  results  obtained  reveal  the  following  regular  features  of  the  breakdown:  1)  the  rate  of  breakdown  of 
diazoaminobenzene  is  proportional  to  the  acid  concentration:  2)  the  rate  of  rearrangement  of  diazoaminoben¬ 
zene  into  aminoazobenzene  is  proportional  to  the  concentration  of  acid;  3)  aniline  and  nitrogen  are  formed  in 
substantially  equal  amounts,  and  the  curve  of  their  formation  contains  a  maximum. 

If  we  assume  that  the  process  of  reanangement  of  diazoaminobenzene  into  aminoazobenzene  is  not  re¬ 
lated  to  the  initiation  of  the  polymerization  process,  then  the  speed  of  polymerization  is  evidently  governed  by 
the  speed  of  breakdown  of  diazoaminobenzene  which  is  bound  up  with  the  formation  of  aniline  and  nitrogen. 

This  also,  most  probably,  governs  the  difference  in  activities  of  different  acids  during  polymerization. 

In  conclusion  I  extend  profound  thanks  to  B.  A.  Dolgoplosk,  S.  S.  Medvedev  and  E.  A.  Shilov  for  valuable 
advice  and  interest  during  the  work. 

SUMMARY 

1.  An  activating  action  of  organic  acids  and  anhydrides  on  the  process  of  polymerization  of  unsaturated 
compounds  in  the  condensed  phase  under  the  influence  of  diazoamino  compounds  was  established. 

2.  The  kinetics  of  polymerization  of  styrene  and  the  kinetics  of  breakdown  of  diazoaminobenzene  under 
the  influence  of  organic  acids  were  studied. 

3.  The  composition  of  the  products  of  decomposition  of  diazoaminobenzene  in  xylene  solution  was  de¬ 
termined. 
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STERIC  hindrance  IN  QUATERNARY  SALTS  OF  2-ARYLBENZO- 


THIAZOLES  AND  2  -  A  R  Y  LB  E  N  ZO  S  E  LE  N  A  Z  O  LE  S 
A.  I.  Kipriai^ov  and  V.  A.  Shrubovich 


No  considerable  steric  hindrance  to  a  planar  state  of  the  molecules  should  occur  in  the  case  of  2- 
phenylbenzothiazole  or  diphenyl  [1].  In  the  cation  of  2-phenylbenzothiazole  methiodide,  however,  this  type 
of  hindrance  arises  as  we  see  from  the  drawing.  •  On  comparing  the  absorption  spectra  of  salts  of  2-arylbenzo- 


thiazoles,  e.g,,  sulfates,  with  the  absorption  spectra  of  their  quaternary  salts,  we  can  detect  (qualitatively  at 
least)  a  distortion  of  the  coplanarity  of  the  rings  in  the  quaternary  salts. 

The  absorption  maxima  of  solutions  of  salts  of  organic  bases  and  their  quaternary  salts  are  known  to 
coincide  or  to  differ  only  slightly  from  one  another;  in  the  latter  event,  the  absorption  maximum  of  the  quater¬ 
nary  salt  is  shifted  in  the  long-wave  direction.  Thus,  for  example,  the  absorption  maxima  of  quinoline  sulfate 
and  methiodide  coincide  in  alcohol  (313  ra  j^),  and  the  absorption  maxima  of  solutions  of  monomethylanilines 
(la)  and  (Ib)  (523  m^  [3])  and  (11a)  and  (lib)  (425  mji  [4])  coincide.  The  absorption  maximum  of  pyridine  medilo- 
dide  in  alcohol  (258  m^)  is  nearer  the  long-wave  region  than  the 'absorption  maximum  of  pyridine  sulfate 


H  X-  H 


(!•) 

- s  s — /\ 

+  C-CH=C  I 

\N/\/ 

I  I 

H  X-  H 

(lU) 


CHg  X-  CHg 
(lb) 


CHa  X-  (!:H3 
(Ills 


(254  m^).  The  same  is  true  of  alcoholic  solutions  of  2-methylbenzothiazole  methiodide  (265  m^^)  and  its  sul¬ 
fate  (261  mfi).  Only  very  rarely  is  the  absorption  maximum  of  the  sulfate  of  a  base  nearer  the  red  end  of  the 
spectrum  than  the  absorption  maximum  of  the  methiodide  or  ethiodide, 

•  Concerning  the  atomic  radii  assumed  in  the  diagram,  see  [2], 
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A.  I.  Kiprlanov  and  I.  K.  Ushenko  [5],  also  Brookei  et  al.  [6],  showed  that  the  shift  of  the  absorption 
maximum  towards  the  short  waves  in  dyes  of  unsymmetrical  structure  may  be  the  result  of  distortion  of  the  co¬ 
planarity  of  the  rings.  Such  a  phenomenon  is  indeed  observed,  as  we  have  now  shown,  in  quaternary  salts  of  2- 
P'dimethylaminophenylbenzothiazole  (Ilia)  and  (111b): 


I 

H  X- 
(IIU) 


\/\N^ 


C-<(  ^-N(CH3)2 


CH.,  X- 

(iiib) 


In  the  cation  of  salt  (Ilia)  the  benzene  and  benzothiazole  rings  are  coplanar,  while  in  the  cation  of 
salt  (Illb)  the  coplanarity  is  distorted.  Consequently  the  relative  positions  of  the  absorption  maxima  of  (Ilia) 
and  (Illb)  deviate  from  the  general  rule,  that  of  (Illb)  being  displaced  not  towards  the  long-wave  region  of  the 
spectrum  but  towards  the  short-wave  region.  The  usual  rule  is  followed  in  the  vinylene  homologs  (IVa)  and 
(IVb)  of  salts  (Ilia)  and  (Illb),  since  the  coplanarity  of  the  rings  is  not  hindered. 


/\ _ s 

1  1  +C-CH=CH-<f  N 

\/\N^  .  ^ / 

1 

-N(CH3)2  I  +  C-CH=CH-< 

~N-N(CH3)2 

\An^  ^ — 

1 

H  X- 

1 

(:h3  X- 

(IV.) 

(IVb 

Table  1  contains  the  results  of  determinations  made  with  salts  of  2-p-dimethylarainophenylbenzothia- 
zole,  2-p-diethylaminophenyl-6-methylbenzothiazole  and  2-p-dimethylaminostyrylbenzothiazole  in  alcoholic 
solutions. 


TABLE  1 


Name  of  Salt 

^max  (i"'" 

Displacement  of 
^max 

f  sulfate 

432 

_ 

2-p-Dimethylaminophenylbenzothiazole  | 

methiodide 

420 

-12 

1  ethiodide 

423 

-  9 

2-p-Diethylaminophenyl-6-methylbenzo-  I 

[  sulfate 

435 

- 

thi azole  | 

^  ethiodide 

427 

-  8 

2-p-Dimethylaminostyrylbenzothiazole  | 

[  sulfate 
ethiodide 

510 

530 

+20 

We  see  that  the  hypsochromic  shift  of  the  absorption  maximum  on  passing  from  salt  solution  to  quaternary 
salt  solution  can  serve  as  a  criterion  of  steric  hindrance  in  a  quaternary  salt. 

Similar  observations  were  made  with  salts  of  2-p-dimethylaminophenyl-a  -naphthothiazole,  as  well 
as  of  2-p-dimethylaminophenylbenzoselenazole  and  the  corresponding  styrenes  (Table  2). 
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TABLE  2 


Name  of  Salt 

\  (in  my) 

max 

Shift  of 

X  ,  (inmp) 
max 

2-p-Dimethylaminophenyl-a-  1 

1  sulfate 

445 

- 

naphthothiazole  1 

l^ethiodide 

430 

-15 

2-p-Dimethylaminostyryl-o-  J 

[sulfate 

517 

- 

naphthothiazole  | 

[methiodide 

537 

4-20 

2-p-Dimethylaminophenylbenzose-  J 

[sulfate 

439 

- 

lenazole  ] 

[etho  perchlorate 

430 

-  9 

2-p-Dimethylaminostyrylbenzose-  1 

fsulfate 

516 

- 

lenazole  ] 

jethiodide 

537 

+21 

TABLE  3 


Name  of  Salt 

X  (in  m  y) 

max 

Shift  of 

X  (in  my) 

max 

]  sulfate 

397 

2-p-Dimethylaminophenylbenzoxazole  <  , 

^  ^  1  ethoperchlorate 

400 

+  3 

fsulfate 

483 

2-p-Dimethylaminostyrylbenzoxazole  v 

495 

+12 

The  radius  of  the  selenium  atom  (1.17  A)  only  differs  slightly  from  that  of  the  sulfur  atom  (1.04  A)  [7], 
so  that  the  steric  hindrance  developed  in  quaternary  salts  of  2-arylbenzothiazoles  also  occurs  in  quaternary 
salts  of  2-arylbenzoselenazoles.  Good  confirmation  of  the  hypothesis  that  steric  hindrance  is  here  involved  is 
provided  by  the  fact  that  the  absorption  maximum  of  benzoxazole  sulfate  is  at  a  shorter  wav6-16ngth  than 
the  maximum  of  its  quaternary  salt.  The  radius  of  the  oxygen  atom  (0.66  A)  is  very  much  smaller  than  the 
radii  of  sulfur  and  selenium,  so  that  there  is  no  deviation  from  coplanarity  in  the  quaternary  salts  of  2-aryl- 
benzoxazoles.  The  absorption  maxima  of  salts  of  2-p-dimethylaminophenylbenzoxazole  and  of  the  corres¬ 
ponding  styryl  compound  are  given  in  Table  3. 

No  difficulties  were  presented  by  the  synthesis  of  2-p-dialkylaminophenyl  derivatives  of  benzothiazole, 
6-methylbenzotHiazole,  a-naphthothiazole  and  benzoselenazole  or  of  their  quaternary  salts.  Some  of  these 
compounds  are  described  in  the  literature.  Difficulties  arose  in  the  preparation  of  the  quaternary  salt  of  2-p- 
dimethylaminophenylbenzoxazole.  The  ethyl-p-toluenesulfonate  of  this  base,  obtained  by  the  action  of  ethyl- 
p-toluenesulfonate  on  it,  had  an  absorption  maximum  in  alcohol  solution  at  300  my.  which  nearly  coincides  with 
the  maximum  of  the  base  itself  (295  m/i).  Thus,  due  to  die  weakness  of  the  basic  properties  of  benzoxazole,  tiie 
etfiyl  radical  is  linked  not  to  the  nitrogen  atom  of  benzoxazole  but  to  the  dimethylamino  group. 

Another  route  had  to  be  adopted  to  obtain  the  quaternary  salt  of  interest  to  us.  We  condensed  N-ethyl- 
o-aminophenol  with  p-dimethylaminobenzoyl  chloride  in  accordance  widi  the  equation: 


ClCO-<(^ _ )>-N(CH3)a 
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The  quaternary  salt,  isolated  by  us  in  the  pure  sute  as  the  perchlorate  with  an  absorption  maximum  at 
400  m^r,  was  very  unstable  and  broke  down  fairly  rapidly  even  in  alcoholic  solution. 

It  should  also  be  noted  that  the  method  of  preparation  of  the  acid  chloride  of  p-dimediylamiiu>benzoic 
acid  by  treatment  with  phosphorus  penuchloride,  described  by  Decombe  [8],  was  tried  and  found  unsuitable. 

We  also  obtained  the  pure  acid  chloride  in  good  yield  by  the  action  of  oxalyl  chloride  on  the  potassium  salt  of 
dimethylaminobenzoic  acid  by  the  method  recently  proposed  for  the  preparation  of  nicotinic  acid  chloride  |9  ]. 

EXPERIMENTAL 

2-p- Dimethylam inophenylbenzothiazole.  A  mixture  of  7.2  g  o-aminothiophenol  and  8.3  g  p-dimethyl- 
aminobenzaldehyde  was  heated  3  hours  at  100*.  The  solidifying  mass  was  twice  rectystallized  from  alcohol. 
Yield  3.3  g  (237o)  of  yellowish  needles,  m.p.  172*,  \  362  m^.  The  alcoholic  solutions  have  a  strong  blue 

fluorescence.  Bogert  and  Taylor  [10]  obtained  this  b^e\y'heating  p-dimethylaminobenzaldehyde  with  o,o- 
diaminodi phenyl  disulfide  at  160-170*;  they  report  m.p.  174-175*. 

The  methiodide  was  obtained  by  heating  the  base  with  methyl  iodide  in  benzene  solution  for  5  hours  at 

130-140*:  bright-yellow  needles  with  m.p.  220*  with  decomposition  after  recrystallization  from  water  (the 

literature  reports  [10]:  223-224*  with  decomp,);  X  420  mu. 

max  ^ 

The  ethiodide  was  obtained  from  the  base  and  the  ethyl  ester  of  p- toluenesulfonic  acid  in  nitrobenzene 

by  heating  for  2  hours  at  150".  The  nitrobenzene  was  distilled  off  with  steam  and  the  aqueous  solution  of  the 

salt  was  treated  with  potassium  iodide.  After  recrystallization  from  water  the  product  formed  yellow  tablets 

with  m.p.  176*.  X  423  mu. 

max  ^ 

Found  N  6.77.  CnHisNzSI.  Calculated  <7c:  N  6.83. 

6-Methyl-2-p-dietiiylaminophenylbenzothiazole  was  obtained  by  the  action  of  diethyl  sulfate  and  sodium 
carbonate  on  dehydrothiotoluidine  [11].  Pale-yellow  crystals,  m.p.  116*,  364  m  p;  blue  fluorescence 

in  an  alcoholic  solution. 

The  ethiodide  was  obtained  by  heating  the  base  with  the  ethyl  ester  of  p- toluenesulfonic  acid  for  2  hours 
at  150*  and  precipitation  of  the  aqueous  solution  with  potassium  iodide.  Recrystallization  from  alcohol  gave 
yellow  needles,  m.p.  140*,  X^ax 

Found  <7o:  N  6.05,  6,15,  C^H^sNaSI.  Calculated  <7o;  N  6.19. 

2-p-Dimethylaminophenyl-g-naphthothiazole.  6  g  unpurified  thiazonium  chloride,  obtained  from 
naphthylamine  hydrochloride  and  S2CI2  in  glacial  acetic  acid  [12],  was  suspended  in  alcohol  and  heated  to  the 
boil  with  an  alcoholic  solution  of  4  g  potassium  hydroxide.  After  filtration,  3.6  g  p-dimethylaminobenzaldehyde 
was  added  and  the  mixture  refluxed  hours.  After  half  of  the  alcohol  had  been  distilled  off,  yellowish 
crystals  came  down.  Yield  0.63  g,  m.p.  174*,  Xj^ajj  370  m  fi.  The  alcoholic  solutions  have  a  blue  fluorescence. 

Found  <7o;  N  9.34,  9,34.  C^igNzS.  Calculated  N  9.21. 

The  ethiodide wasprepared  by  heating  a  mixture  of  the  base  and  ethyl  p-toluenesulfonate  for  4^>^  hours 
at  150*  and  precipitating  the  aqueous  solution  of  die  salt  with  potassium  iodide.  Crystallization  from  alcohol 
gave  yellow-orange  needles,  m.p.  165-166*,  X^nax^®  ™ 

Founder  N  6.10.  CjiHjjNjSI.  Calculated  <70:  N  6.09. 

2-p- Dimethylam inophenylbenzoselenazole.  A  mixture  of  4.4  g  zinc  salt  of  o-aminoselenophenol  [13] 
and  3,2  g  p-dimethylaminobenzaldehyde  with  2  ml  concentrated  hydrochloric  acid  was  heated  1  hour  at  100* 
and  10  minutes  at  130*.  The  brownish  semisolid  mass  was  triturated  with  sodium  hydroxide  solution  and  then 
widi  hydrochloric  acid.  Since  the  purity  was  inadequate  after  recrystallization  from  alcohol,  the  product  was 
dissolved  in  chloroform  and  chromatographed  on  alumina.  The  yellow  chloroform  solution  of  the  base  was 
evaporated  and  the  solid  residue  recrystallized  from  a  mixture  of  chloroform  and  alcohol  to  give  about  1  g 
small  colorless  needles  with  m.p,  178*,  Xjj,ax  M* 
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Found  N  9.41,  9,49.  CjsHiiNjSe.  Calculated  N  9.30. 


The  ethoperchlorate  was  prepared  from  the  base  and  diethyl  sulfate  by  heating  at  120*  for  1  hour  and  pre¬ 
cipitating  the  aqueous  solution  of  the  salt  witli  sodium  perchlorate.  Crystallization  from  alcohol  gave  yellow 
needles,  m.p.  170*  (with  decomp.), 

Found  “/o:  N  6.22,  6.37,  CnHi904N2ClSe.  Calculated  N  6,51. 

2-p-Dimethylaminophenylbenzoxa2ole  was  obtained  by  the  action  of  lead  tetraacetate  on  the  anil  formed 
from  o-aminophenol  and  p-dimethylaminobenzaldehyde  [14].  M.p.  182-183*,  295  m^. 

[4-(Benzoxazolyl-2*)-phenyl]  -  dimethylethylammonium  tosylate  was  obtained  by  heating  2-p-dimetiiyl- 
aminophenylbenzoxazole  with  ethyl  p-toluenesulfonate  (3  hours  at  130*).  The  salt  was  recrystallized  from 
chloroform.  Colorless  needles,  m.p.  190-191*,  X^^ax  300  mj^. 

Found  N  6.36;  S  7.32,  7,45.  C24H26O4N2S,  Calculated  N  6.48:  S  7.41. 

p-Dimethylaminobenzoyl  chloride,  p- Dim ethylamino benzoic  acid  with  m.p.  235-238*  was  obtained 
from  p-dimethylaminobenzaldehyde  by  potassium  hydroxide  fusion  as  described  by  Decombe  [8].  All  our  at¬ 
tempts  to  apply  tliis  author’s  method  of  preparation  of  dimethylaminobenzoyl  chloride  (action  of  phosphorus 
pentachloride  on  the  acid  in  carbon  bisulfide  with  pyridine  present)  only  led  to  high-melting  products.  Decombe 
evidently  also  failed  to  obtain  a  product  with  the  correct  melting  point  since  he  omits  mention  of  the  melting 
point  of  his  acid  chloride. 

We  prepared  pure  p- dim  ethylamino  benzoyl  chloride  by  the  method  recently  described  for  nicotinic  acid 
chloride  [9].  5  g  (0.025  mole)  potassium  p-dimethylaminobenzoate,  dried  at  135*,  was  crushed  tt>  a  fine  pow¬ 
der  and  placed  with  20  ml  dry  benzene  in  a  small  flask  with  a  reflux  condenser.  Dropwise  addition  was  made 
to  the  mixture,  with  ice  cooling  and  shaking,  of  a  solution  of  3.1  g  (0,025  mole)  oxalyl  chloride  in  6  ml  benzene. 
Stirring  was  then  continued  for  another  20  minutes,  after  which  the  mixture  was  heated  to  the  boil  and  boiled 
for  half  an  hour.  The  precipitate  of  potassium  chloride  was  quickly  separated;  part  of  the  benzene  was  dis¬ 
tilled  off  and  the  acid  chloride  crystallized.  Yield  2.3  g  (50%),  m.p.  147-148*  (147-148*  [15]). 

Ethoperchlorate  of  2-p-dimethylaminophenylbenzoxazole.  1.25  g  p-dimethylaminobenzoyl  chloride  and 
0.93  g  N-ethyl-o-aminophenol  were  heated  10  minutes  at  180*;  during  this  operation  the  fused  mixture  boiled. 
After  cooling,  the  melt  was  gently  heated  with  10  ml  anhydrous  alcohol  and  the  yellow  solution  was  filtered. 

The  melting  point  and  absorption  maximum  (300  m  j^)  of  the  insoluble  residue  corresponded  to  p-dimethyl- 
aminophenylbcazoxazole  —  the  product  of  cleavage  of  ethyl  chloride  from  the  quaternary  salt. 

Found  N  11,53,  11,67.  C^HnONz.  Calculated  %;  N  11,77. 

Sodium  perchlorate  solution  was  added  to  the  yellow  filtrate  giving  a  precipitate.  The  yellow  precipi¬ 
tate  was  twice  recrystallized  from  80%  alcohol.  Long  orange  needles,  m.p.  226-227®  without  decomposition, 
Xmax  400  m 


Found  %:  N  7.58,  7.48.  C17H19O5N2CI.  Calculated  %;  N  7.64. 

2 - p- Pi m e thylam inos tyrylbenzothiazole  was  obtained  by  the  method  of  Brooker  and  Sprague  [16];  yellow 
needles,  m.p.  206*,  Xmax  400  m  ^  (literature  data  [16]:  m.p.  206-208*,  X^^^^  in  methyl  alcohol  400  m  (j). 

Ethiodide:  decomp,  p.  237*,  Xn,ax^30m/<Xn,ax  in  methyl  alcohol  524  m^  [16]). 

2-p-Dimethylaminostyryl-a-naphthothiazole.  1.5  g  2-methyl-a-naphthothiazole,  1.11  g  p-diethylamino- 
benzaldehyde  and  0.22  ml  concentrated  hydrochloric  acid  were  heated  at  100*  for  8  houts  and  at  130*  for  3V 2 
hours.  The  product  .was  treated  with  caustic  alkali  solution  and  twice  recrystallized  from  pyridine  to  give  0.85 
g  (32%)  of  yellow  crystals  with  m.p,  220*,  Xmax^'^O  ni 

Found  %;  N  8.28,  8.28,  C2iHi,N2S.  Calculated  %:  N  8.49, 
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Ethiodlde  fl2];  Xj^gx  537  m|j  (Xjj^gj^  in  medianol  531  mfJ  [17]). 

2-p-Dinriethylaminostyrylbenzoselenazole  was  obtained  by  condensation  of  2-metliylbenzoselena/ole  with 
P'ditnethylaminobenzaldehyde  in  presence  of  concentrated  hydrochloric  acid.  Yellow  needles,  m.p.  198*, 
^max  403  mii^ 

Found  N  8.44,  8.4G,  CiyHuNjSe.  Calculated  N  8.56. 


Ethiodide:  decomp.  p.  237’,  Xpiax  methanol  537  m^  (literature  data  [17]:  536  m^). 

2-p-Dimethylaminostyrylbenzoxazole  was  obtained  by  condensation  of  2>methyl>enzoxazole  'with  p- 
dimethylaminobenzaldehyde  [18],  m.p.  174*,  X^^j^  394  im^. 

Methiodide:  m.p.  220*,  X^gx  495  m^  ( in  methanol  496  W/i  [17]). 

The  absorption  curves  were  plotted  with  an  SF-4  spectrophotometer  in  alcohol  solutions  at  concentra¬ 
tions  of  10“^!.  Solutions  of  bases  in  0.1  N  alcoholic  solution  of  sulfuric  acid  were  used  for  measurement  of 
the  absorption  curves  of  die  sulfates  of  the  bases.  Special  measurements  of  the  absorption  maxima  of  one  and 
the  same  quaternary  salt  in  alcohol  and  0.1  N  alcoholic  sulfuric  acid  established  that  the  addition  to  the  al¬ 
cohol  of  sulfuric  acid  of  that  concentration  does  not  alter  the  maximum  of  absorption  of  the  salt 


SUMMARY 

The  absorption  maxima  of  sulfates  of  2-p-dimethylaminophenyl  derivatives  of  benzothiazole,  6-methyl- 
benzothiaaole,  a-naphdiothiazole  and  benzoselenazole  in  alcoholic  solutions  are  shifted  towards  the  long- wave 
region  in  comparison  with  the  absorption  maxima  of  quaternary  salts  of  the  same  bases.  This  unusual  phenome¬ 
non  is  associated  with  deviation  from  coplanarity  of  the  benzene  and  thiazole  (or  selenazole)  rings  in  the  mole¬ 
cules  of  the  quaternary  salts  due  to  steric  hindrance. 

LITERATURE  CITED 

[1]  D.  Crowfoot,  Itodgkins  and  G.  Pitt  Ann.Rep.Progr»Chem -47,  459  (1950). 

[2]  J.  Hofer,  R.  Grabenstetter  and  E.  Wiig,  J.  Am.  Chem.  Soc.  72,  207  (1950), 

[3]  A.  I.  Kiprianov,  Doctoral  Dissertation,  Kharkov,  (1940)  p.  147. 

[4]  A.  I.  Kiprianov,  L.  P.  Yakovleva  and  Yu.  S.  Rozum,  J.  Gen.  Chem.  22,  305  (1952). 

[5]  A.  I.  Kiprianov  and  I.  K.  Ushenko,  J.  Gen.  Chem  20.  514  (1950)  (T.p.  543).* 

[6]  L.  Brodker,  White,  R,  Sprague,  Dent  and  Van  Zandt,  Chem.  Revs.41,  347  (1947). 

[7]  L.  Pauling,  Nature  of  the  chemical  bond  (State  Chemical  Press,  1947)  166-167. 

[8]  J.  Decombe,  Bull.  Soc.  Chim.  1951,  416. 

[9]  H.  Wingbield  Jr.,  W.  Harban,  and  H.  Hammer,  J.  Am.  Chem.  Soc.  75,  4364  (1953). 

[10]  M.  Bogert  and  W,  Taylor,  Coll.  Trav.  Chim.  Tchecoslov.  3 ,  480  (1931);  Chem.  Zentr.  1932,  J,  679. 

[11]  R.  Hunter,  Chem.  News  128,  65  (1923);  Chem.  Zentr.  124,  I,  2257. 

[12]  V.  M.  Zubarovsky,  J.  Gen.  Chem.  17,  615  (1947). 

[13]  H.  Bauer,  Ber.  46,  96  (1913). 

[14]  F.  Stefens  and  J.  Bower,  J.  Chem  Soc.  1949,  2972. 

[15]  Rivierand  Richard,  Helv.  Chim.  Acta  8,  493  (1925). 

[16]  L.  Brooker  and  R.  Sprague,  J.  Am.  Chem.  Soc.  63,  3207,  3212  (1941). 


•  T.  p.  =  C.  B.  Translation  pagination. 


3220 


[17]  L.  Brooker  et  al.  J.  Am.  Chem.  Soc.  73,  5337  (1951). 

[18]  D.  Brown,  G.  Kon,  J.  Chem.  Soc.  1948,  2153. 

Received  November  5,  1955  Kiev  State  University 


3221' 


SYNTHESIS  OF  4- M  E  TH  YL  -  5  -  A  CE  T  YL- 2  -  AMINO  THI A  ZOLE  AND 


SOME  OF  ITS  DERIVATIVES 
P.  M.  Kochergin 


Altliough  4-methyl-5-acetylthiazole  has  been  prepared  by  a  number  of  investigators  [1-3],  its  amino 
derivative  -  4-metliyl-5-acetyl-2-aminothiazole  (I)  -  is  not  described  in  the  literature.  We  are  interested  in 
this  compound  in  connection  with  the  verification  of  the  structure  of  some  l-acetyl-5-phenyl-(p-nitrophenyl)- 
2-8 -ketoalkylmercaptoimidazoles  and  of  the  2-acyi-3-methyl-5-phenyl-(p-nitrophenyI)-imidazo-(2,l-b)-tiii- 
azoles  synthesized  from  them.  We  also  wished  to  make  biological  tests  of  some  of  its  derivatives. 

We  first  attempted  to  obtain  (I)  by  the  simplest  method  —  by  heating  acetylacetone,  thiourea  and  iodine 
witliout  a  solvent,  as  in  the  preparation  of  other  4-mono-  and  4,5-substituted  2-aminothiazoles  [4].  In  diis 
case  we  did  not  succeed  in  isolating  the  desired  compound  from  the  reaction  mass.  Substance  (I)  was  obtained 
in  pood  yield  (95-98%)  by  condensing  3-chloro-2,4-pentanedione  with  thiourea  in  aqueous  solution.  The  hy¬ 
drochloride  formed  in  the  reaction  is  easily  separated  and  purified,  after  removal  of  the  water,  by  recrystalla- 
tion  from  alcohol,  while  the  base  itself  is  obtained  by  neutralization  of  the  reaction  mass  with  sodium  acetate 
and  recrystallization  from  85-90%  acetic  acid. 

4-Methyl-5-acetyl-2-aminothiazole  was  likewise  prepared  by  bromination  of  acetylacetone  with  bro¬ 
mine  in  chloroform  solution  followed  by  treatment  of  the  bromination  product  with  thiourea.  The  yield  is 
lower  by  tliis  method  because  bromination  of  acetylacetone  by  bromine  goes  in  more  than  one  direction. 

For  biologicai  tests  we  were  interested  in  obtaining  the  thiosemicarbazone  of  (I)  as  well  as  thesulfamide. 
Thiosemicarbazones  of  aromatic  aldehydes  [5]  and  aldehydes  of  the  thiazole  series  [6]  are  known  to  possess 
antitubercular  activity  and  in  some  cases  also  antiinfluenzal  activity,  while  2-(p-aminobenzenesulfamido)-thia- 
zole  (nor-sulfazole)  and  4-methyl-2-(p-aminobenzenesulfamido)- thiazole  (sulfazole)  possess  high  antibacterial 
activity  and  are  widely  used  in  medical  practice.  The  thiosemicarbazone  was  prepared  by  the  usual  method  of 
reaction  of  ketone  (I)  with  thiosemicarbazide. 

The  synthesis  of  4-methyl-5-acetyl-2-(p-aminobenzenesulfamido)- thiazole,  formerly  obtained  by  con¬ 
densation  of  sulfamido  derivatives  of  thiourea  with3-chloro-2,4-pentanedione[7,8],  was  effected  by  us  by 
reacting  (1)  with  p-acetylaminobenzenesulfochloride  in  pyridine  and  then  saponifying  the  4-methyl-5-acetyl- 
2-(p-acetylaminobenzenesulfamido)-thiazole  In  caustic  alkali  solution. 

The  prepared  compounds  were  tested  in  the  department  of  chemotherapy  of  our  institute  for  antibacterial 
activity  (range  of'18  varieties  of  microbes)*.  The  hydrochloride  of  (I)  was  found  to  be  generally  inactive.  The 
acetyl  derivative  (4-methyl-5-acetyl-2-acetylaminothiazole)  possesses  weak  activity  against  the  acid-resistant 
saprophyte  85,  microsporon  and  achorion.  The  thiosemicarbazone  of  (1),  apart  from  activity  against  the  above 
three  microorganisms,  is  also  weakly  active  against  the  bacillus  of  human  tuberculosis,  the  bacillus  of  avian 
tuberculosis  and  trichophyton,  4-Methyl-5-acetyl-2-(p-aminobenzenesulfamide)- thiazole  arrests  the  growth 
of  the  enteric  bacillus  in  1:64,000  dilution,  of  the  bacillus  of  brushnotyphosus,  of  Flexner  dysenteric  bacillus  and 
of  proteus  vulgaris  in  1:16,000  dilution,  of  staphylococcus  aureus,  of  hemolytic  streptococcus  and  acid-resistant 
saprophyte  85  in  1:8,000  dilution,  of  the  bacilius  of  avian  tuberculosis  in  1:4,000  dilution  and  of  antrapoid spores 
and  the  bacillus  of  human  tuberculosis  in  1:2000  dilution, 

I  am  extremely  grateful  to  M.  N.  Tsukina  for  providing  the  opportunity  of  carrying  out  this  work. 

EXPERIMENTAL 

4-Methyl-5-acetyl-2-aminothiazole  (I),  a)  To  a  warm  solution  of  6  g  thiourea  in  60  ml  water  was  added 
10.7  g  3-chloro-2,4-pentanedione  [2],  and  the  mixture  carefully  (the  reaction  goes  with  spontaneous  heating) 
heated  to  the  boil,  after  which  it  was  boiled  for  1  hour  (the  last  10-15  minutes  in  presence  of  active  carbon). 

The  soiution  was  then  filtered,  cooled  and  neutralized  with  sodium  acetate.  The  precipitate  was  filtered,  washed 
with  water  and  dried.  Yield  12  g  (97.6%)  of  (I)  with  m.p.  259-260’  (with  decomp.);  recrystallization  from  85- 
90%  acetic  acid  gave  colorless,  spindle-shaped  crystals  with  m.p.  260-261*  (with  decomp.),  nearly  insoluble  in 

•  Tlie  investigations  were  undertaken  by  S.  N.  Milovanova  and  A.  A.  Mikerina  under  the  direction  of 
G.  N,  Persliin. 
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the  majority  of  organic  solvents,  sparingly  soluble  in  dioxane,  pyridine  and  alcohol,  insoluble  in  water  and 
caustic  alkali  solution,  quite  soluble  in  hydrochloric  acid. 

Foundfo:  C  46,10:  H  5.40;  N  17.70;  S  20.59.  C,H,ON^.  Calculated  ‘^5>;  €46.114  H  5.16;  N  17.94;  S  20.53.* 

Hydrochloride:  colorless  crystals  (from  alcohol)  with  m.p.  225-228*  (witfi  decomp.). 

Found  %  Cl  18.40.  C,H,ON^.  Calc.  ^  Cl  18.41. 

Picrate:  yellow  thread-like  crystals  (from  alcohol)  with  m.p.  199-200*  (with  decomp.). 

Found  N  17.64.  CuHijOgNjS.  Calculated  N  18.18. 

b)A  solution  of  86.4  g  bromine  in  50  ml  chloroform  was  added  in  the  course  of  1  hour  to  a  solution  of  54 
g  acetylacetone  in  220  ml  anhydrous  chloroform  with  cooling  to  -10*  and  energetic  stirring.  At  the  end  of  the 
reaction  the  hydrogen  bromide  and  dte  solvent  were  distilled  off  in  vacuum,  and  the  brown,  liquid  residue  gra¬ 
dually  add  to  41  g  thiourea  in  180  ml  water,  after  which  the  mixture  was  heated  as  in  the  preceding  experiment. 
The  brown. solution  was  then  filtered  from  the  carbon,  evaporated  in  vacuum  to  small  volume  and  cooled;  the 
precipitate  was  filtered,  washed  with  acetone  and  dried.  Another  few  grams  of  this  substance  was  obtained  by 
evaporating  the  mother  liquor  to  a  small  volume.  Two  recrystallizations  from  alcohol  gave  the  hydrobromide 
of  (1)  in  the  form  of  rectangular  plates  with  m.p.  247-249*  (with  decomp.). 

Found  7o;  Br  33.73.  CjHjONjSBr.  Calculated  <7o:  Br  33.71. 

The  base  was  obtained  by  addition  of  sodium  acetate  to  an  aqueous  solution  of  the  hydrobromide;  m.p. 
260-261*  (with  decomp.).  A  mixture  with  (I)  obtained  by  mediod(a)  melted  at  260-261*  (with  decomp.). 

4-Methyl-5-acetyl-2-acetylaminothiazole.  9  ml  acetic  anhydride  was  added  to  1.7  g  of  (I)  and  the  mix¬ 
ture  was  heated.  When  the  violent  reaction  had  ended,  the  solution  was  cooled,  and  the  precipitate  was  filtered, 
washed  with  ether  and  dried.  Yield  1,8  g  (85.6%)  of  substance  with  m.p.  227-228*;  recrysullization  from  alcohol 
gave  colorless  prisms  with  m.p.  228-229*;  soluble  in  alcohol,  dioxane,  glacial  acetic  acid  and  hydrochloric  acid, 
sparingly  soluble  in  acetone  and  chloroform,  insoluble  in  carbon  tetrachloride,  benzene,  dichloroethane,  ethyl 
acetate,  water  and  caustic  alkali  solution. 

Found  %;  N  14.35.  C,HjoOjN2S.  Calculated  %:  N  14.14. 

4-Methyl-S-acetyl-2-aminothiazole  thiosemicarbazone.  A  mixture  of  4.1  g  of  (I)  and  2.4  g  thiosemi- 
carbazide  in  50  ml  glacial  acetic  acid  was  boiled  for  30  minutes  (die  last  10  minutes  in  presence  of  active 
carbon).  The  solution  was  dien  filtered  and  cooled;  the  precipitate  was  filtered,  washed  with  edier  and  dried. 
Another  few  grams  of  this  substance  was  obtained  by  evaporating  the  mother  liquor  to  a  small  volume  and  wash¬ 
ing  the  residue  widi  ether.  Yield  6  g  (97%),  m.p.  194-19T  (with  decomp.);  recrystallization  from  alcohol  gave 
pale-yellow  prisms  with  m.p.  203-204*  (with  decomp.);  the  compound  is  nearly  insoluble  in  the  majority  of 
organic  solvents,  water  and  caustic  alkali  solution,  sparingly  soluble  in  alcohol,  easily  soluble  in  glacial 
acetic  acid  and  hydrochloric  acid. 

Found  %:  S  2b.01,  C7HiiNgS2.  Calculated:  S  27.97. 

4-Methyl-5-acetyl-2-(p-amtnobenzenesulfamido)-thiazole.  8.5gp-ace  tylaminobenzenesulfochloride  was 
added  in  the  course  of  10  minutes  with  stirring  to  a  suspension  of  4.1  g  of  (I)  in  45  ml  pyridine,  after  which  the 
mixture  was  heated  at  60-62*  and  stirred  for  hours.  125  ml  water  was  then  added  and  the  mixture  was  cooled 
and  neutralized  with  hydrochloric  acid  until  acid  toGongo;  die  precipitate  (3.1  g)  of  4-methyl-5-acetyl-2-(p- 
acetylaminobenzenesulfamido)-thiazole  was  filtered,  washed  with  alcohol,  then  with  ether  and  dried.  Pale-yeUow 
crystals,  soluble  in  caustic  alkali  solution,  nearly  insoluble  in  alcohol  and  dilute  hydrochloric  acid. 

3  g  4-methyl-5-acetyl-2-(p-acetylaminobenzenesulfamido)*‘thiazole  in  30  ml  4%  aqueous  sodium  hy¬ 
droxide  solution  was  boiled  for  2  hours  (the  last  30  minutes  in  presence  of  acdve  carbon).  The  solution  was  then 

•  All  analyses  were  carried  out. in  the  microanalytical  laboratory  of  our  institute. 
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cooled,  filtered  from  carbon  and  neutralized  with  hydrochloric  acid  until  acid  to  Congo;  the  excess  of  acid  was 
tlien  neutralized  with  sodiuni  acetate,  'J’he  precipiute  was  filtered  off,  washed  with  water  and  recrystallized 
from  alcohol.  I’ale-yellow  prisms  with  m.p.  213-214"  (witli  decomp. ),  readily  soluble  in  caustic  alkali  solu¬ 
tion,  sparingly  soluble  in  alcohol,  acetone,  dioxane  and  glacial  acetic  acid,  insoluble  in  dilute  hydrochloric 
acid,  cliloroform,  ether,  benzene,  dichloroethane,  carbon  tetrachloride,  ethyl  acetate  and  water. 

round  •>/„:  C  4G,37;  H  4.33;  N  13.19;  S  20.34.  CjjHuOjNaSj.  Calculated  <7o:  C  46,26;  H  4.21; 

N  13.50;  S  20.60. 

SUMMARY 

4-Methyl- 5-acetyl-2-aminotliiazole  and  some  of  its  derivatives  substituted  at  the  amino  and  carbonyl 
groups  were  prepared. 
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SYNTHESIS  OF  0  -  (  N  -  2  -  C  H  LORO  P  HENO  T  HI  A  ZYL  ) -P  ROP 10  N IC  ACID  AND 
ITS  DERIVATIVES  AND  DERIVATIVES  OF  0  -  N  -  P  HENO  THI A  Z  Y  L - 

Fropionic  acid 

N.  V.  Savitskaya,  Yu.  S.  Tsizin  and  M.  N.  Shchukina 


The  objective  of  this  work  was  the  synthesis  of  0 -(N-2-chiorophenothiazyl)-propionic  acid  and  its  deri¬ 
vatives  for  pharmacological  and  antibacterial  investigations.  The  starting  substance  for  our  investigations  was 

2- chlorophenothiazine  which  is  used  foi  the  synthesis  of  N-(3'-dimethylaminopropyl)-2-chlorophenothiazine,  a 
well-known  medicinal  preparation  (aminasine,  largaktyl,  megaphene,  chloropromasin).  The  literature  does  not 
contain  a  detailed  description  of  the  synthesis  of  2-chlorophenothiazine  [1].  It  was  prepared  by  condensation  of 

3- chlorodiphenylamine  with  sulfur  and  separation  of  the  resultant  2-  and  4-chlorophenothiazines  by  recrystal¬ 
lization  from  50’/(j  aqueous  acetone  or  chlorobenzene.  Cya noethylation  of  2-chlorophenothiazine  under  the  con¬ 
ditions  described  for  phenothiazine  [2]  gave  0  -(N-2-chlorophenothiazyl)-propionitrile.  Whereas  the  saponifi¬ 
cation  of  6  -(N-phenothiazyl)-propionitrile  goes  with  yield,  the  saponification  of  0  -(N-2-chloropheno- 
thiazyl)-propionitrile  under  the  same  conditions  [2]  only  leads  to  an  insignificant  yield  of  the  corresponding 
acid;  moreover,  cleavage  of  the  molecule  takes  place  with  formation  of  2-chlorophenothiazine.  Attempts 

to  saponify  the  nitrile  with  sulfuric  acid  of  various  strengths  resulted  in  the  original  substance  being  recovered 
unchanged. 

The  acid  was  obtained  in  good  yield  by  saponification  of  its  ethyl  ester,  which  was  synthesized  by  heating 
a  mixture  of  nitrile  and  alcohol  in  a  sealed  ampoule  in  presence  of  cone.  H2SO4.  Reduction  of  the  nitrile  in  an 
autoclave  at  100  atm.  in  presence  of  Ni  gave  N-(3’-aminopropyl)“2-chlorophenothiazine.  The  amide  and 
hydrazide  of  3 -(2-chlorophenothiazyl)“propionic  acid  were  obtained  by  the  usual  methods.  Reaction  of  a 
benzene  solution  of  3  -(n;2-chlorophenothiazyl)-propionic  acid  with  PQs  gave  the  acid  chloride  which  was 
subjected,  without  isolation,  to  condensation  widi  ethylene  chlorohydrin  [3].  Condensation  of  the  resultant 
3  ’-chloroethyl  ester  of  3 -(N-2-chlorophenothiazyl)-propionic  acid  with  unsymmetrical  dimetiiylhydrazine 
gave  the  corresponding  hydrazinium  salt,  formed  in  satisfactory  yield  only  by  heating  in  a  sealed  ampoule. 

It  was  also  of  interest  to  prepare  some  derivatives  of  fl -(N-phenothiazyl)-propionic  acid  which  have  not 
been  described  in  the  literature.  The  preparation  of  esters  of  this  acid,  formerly  realized  by  reaction  of  the 
silver  salt  of  the  acid  with  alkyl  iodides  [4],  was  effected  by  heating  an  alcoholic  solution  of  the  acid  in  pre¬ 
sence  of  conc.H2S04,  a  yield  of  83-84*70  being  obtained.  The  acid  amide  was  prepared  by  reacting  the  acid 
chloride  with  ammonia.  The  hydrochloride  of  the  dimethylaminoethyl  ester  of  0 -(N-phenothiazyl)-propionic 
acid  and  the  hydrazide  of  this  acid  were  synthesized  by  the  usual  method.  The  6"-chloroethyl  ester  of  S  -(N- 
phenothiazyl)-propionic  acid  was  prepared  under  the  same  conditidns  as  for  the  corresponding  derivative  of  0- 
(N-2-chlorophenothiazyl)-propionic  acid.  Condensation  of  the  0  '-chloroethyl  ester  of  0  -(N-phenothiazyl)- 
propionic  acid  with  unsymmetrical  dimethylhydrazine  was  carried  out  under  the  conditions  described  for  the 
corresponding  derivatives  of  benzhydrol  [3]. 

EXPERIMENTAL 

2-Chlorophenothiazine.  A  mixture  of  17.4  g  3-chlorodiphenylamine,  5.8  g  powdered  sulfur  and  0.2  g 
iodine  was  heated  at  160-180“  for  1V4  hours  until  hydrogen  sulfide  ceased  to  come  off.  The  reaction  mass  was 
then  recrystallized  from  chlorobenzene  (60  ml)  or  from  50*70  aqueous  acetone.  Yield  12.1  g  (60.5*7o),  m.p.  191- 
194“.  Recrystallization  from  toluene  gave  a  yellow-green  crystalline  powder  with  m.p.  199-200.5*  (the  litera¬ 
ture  reports  196-197“).  Soluble  in  the  majority  of  organic  solvents,  sparingly  soluble  in  ligroin  and  water, 

0  -(N-2-chlorophenothiazyl)-proplonitrile.  To  a  mixture  of  10  g  2-chlorophenothiazine,  30  ml  acryloni¬ 
trile  and  0.1  g  hydroquinone  at  room  temperature  and  with  stirring  was  added  2  ml  anhydrous  alcoholic  solution  of 
Rodionov  catalyst  in  the  course  of  2  minutes.  The  catalyst  was  prepared  from  0.76  g  of  trimethylphenylam- 
monium  p-toluenesulfonate.  After  addition  of  the  catalyst,  the  reaction  mass  thickened,  and  its  temperature 
rose  to  65*.  The  reaction  mass  was  thereupon  heated  at  80“  for  1V2  hours;  after  cooling,  the  precipitate  was 
filtered  off  and  washed  with  ether.  Yield  10  g  (81*7o)  of  substance  with  m.p.  182-185*.  Recrystallization  from 
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glacial  acetic  acid  gave  white  needles  with  m.p.  188-189*  (7.5  g,  61'7o),  soluble  in  dichloroe thane,  acetone, 
chloroform,  ethyl  acetate,  poorly  soluble  in  alcohol  and  carbon  tetrachloride,  insoluble  in  water  and  ether. 

Found  N  10.08;  Cl  12.34,  CigHiiNiClS.  Calculated  N  9.76;  Cl  12.32. 

P  -(N-2-Chlorophenothiazyl)-propionic  acid.  A  mixture  of  25.5  g  p -(N-2-chlorophenothiazyl)-propioni- 
trile,  8  ml  cone,  sulfuric  acid  and  50  ml  ethyl  alcohol  was  heated  for  6  hours  in  a  sealed  ampoule  at  a  bath 
temperature  of  130-140*.  The  reaction  mass  was  then  rendered  alkaline  with  100  ml  of  25*70  aqueous  potassium 
hydroxide  and  boiled  for  6  hours,  after  which  the  reaction  mass  was  diluted  with  300  ml  water  and  acidified  with 
hydrochloric  acid.  The  resultant  precipitate  was  separated.  Yield  23.7  g  (87‘7»),  m.p.  150-152*.  Two  recrystal¬ 
lizations  from  methanol  gave  colorless  scales  with  m.p.  156.5-158*,  soluble  in  the  common  organic  solvents, 
insoluble  in  water. 

Found  *7o:  Cl  11.89;  N  4.70.  Equiv.  304.5.C15HUNO2SCI.  Calculated  ^0:  Cl  11.59;  N  4.58.  Equiv.  305,78. 

Ethyl  ester  of  p  -  (N-2-chlorophenothiazyl)-propionic  acid.  A  mixture  of  16  g  0 -(N-2-chlorophenothia- 
zyl)-propionitrile,  34  ml  ethyl  alcohol  and  4.5  ml  cone,  sulfuric  acid  was  heated  in  an  ampoule  for  6  hours  at 
130-140*.  The  reaction  mass  was  then  poured  into  a  large  volume  of  water  and  extracted  with  ether.  The 
ether  layer  was  washed  with  bicarbonate  and  then  with  water  and  dried  over  sodium  sulfate.  The  ether  was 
driven  off  and  the  residue  distilled  in  vacuum  (0.4  mm).  Yield  16  g  (86*7o)  with  b.p.  205-209*.  After  two  re¬ 
crystallizations  from  ligroin  ,  colorless  needles  were  obtained  with  m.p.  64.5-66*,  readily  soluble  in  the  usual 
organic  solvents,  insoluble  in  water. 

Found  <70:  N  4.23;  Cl  10.94.  CiyHijCjNSCl.  Calculated  <70:  N  4.19;  Cl  10.62. 

N-(3*-aminopropyl)-2-chlorophenothiazine.  A  solution  of  10  g  0  -(N-2-chlorophenothiazyl)-propioni- 
trile  in  200  ml  alcohol  was  reduced  in  presence  of  skeletal  nickd  catalyst  (2  g)  and  gaseous  ammonia  (10  atm.) 
at  100-110*  and  90  atm,  pressure.  Hydrogen  was  absorbed  for  3  hours  and  the  calculated  amount  was  absorbed. 
The  solvent  was  then  driven  off.  The  residue  (approx.  10  g)  was  a  transparent,  faint-green,  syrupy  liquid.  It 
was  dissolved  in  anhydrous  alcohol,  and  an  anhydrous  alcoholic  solution  of  hydrogen  chloride  was  added  until 
the  reaction  was  acid  to  Congo.  Yield  8.9  hydrochloride  with  m.p.  216-228°,  Several  recrystallizations  from 
anhydrous  alcohol  gave  slightly  colored  needles  with  m.p.  233-235*,  poorly  soluble  in  water  and  hydrochloric 
acid. 


Found  °l<n  N  8.54;  Cl  21.56,  CisHijNaSCl  •  HCl.  Calculated ^o:  N  8.57;  Cl  21.62. 

P  -(N-2-Chlorophenothiazyl)-propionamide .  A  solution  of  2  g  ethyl  ester  of  p  -(N-2-chlorophenothiazyl)- 
propionic  acid  in  15  ml  of  anhydrous  alcohol  saturated  with  ammonia  was  heated  in  an  ampoule  for  24  hours  on 
a  boiling  water  bath.  The  alcohol  was  then  driven  off  and  the  residue  (a  glassy  mass)  was  made  to  crystallize  by 
trituration  with  ether.  Yield  0.6  g  (33  %),  m.p.  142-145*.  Two  recrystallizations  from  benzene  gave  a  color¬ 
less  powder  with  m.p.  143.5-145.5*,  soluble  in  alcohol,  chloroform  and  dichloroethane,  insoluble  in  ether  and 
water. 


Found  <7o;  N  9.44;  Cl  11.50,  CisHiaONjClS.  Calculated  <7o;  N  9.19;  Cl  11.63. 

Hydrazide  of  p -(N-2-chlorophenothiazyl)-propionic  acid.  A  mixture  of  5  g  ethyl  ester  of  P  -(N-2-chloro- 
phenothiazyl)-propionic  acid,  30  ml  alcohol  and  3  ml  65*70  hydrazine  hydrate  was  heated  for  28  hours  on  a  boil¬ 
ing  water  bath.  The  alcohol  was  driven  off  and  the  oily  residue  thoroughly  washed  with  water.  The  residue 
(approx,  4  g)  solidified  and  had  m.p.  120-123*.  It  was  twice  recrystallized  from  methanol  to  give  a  colorless 
crystalline  powder  with  m.p,  132.5-133.5*,  readily  soluble  in  alcohol,  benzene,  dichloroethane  and  glacial 
acetic  acid,  insoluble  in  water  and  ether. 

Found  *70:  N  13.44;  Cl  II.24.C15H14ON3CIS.  Calculated  N  13.14;  Cl  11.12. 

p-Acetaminobenzalhydrazide  of  p -(N-2-chlorophenothiazyl)-propionic  acid;  colorless  crystalline  powder 
with  m.p.  236-237*  (from  glacial  acetic  acid). 


Found  'Vo:  N  11.83j  Cl  7.38.  CjiHjiN^OaSCl.  Calculated  N  12.03;  Cl  7.64. 


fl  *~Chloroethyl  ester  of  fl -(N‘2-chlorophenothlazyl)-proplonic  acid.  Asuspension  of  19  g  0  -(N-2-chloro- 
phenotliiazyl)-propionic  acid  and  13.2  g  PC1§  in  360  ml  dry  benzene  was  vigorously  shaken  at  room  temperature 
for  10  minutes.  The  whole  of  the  acid  went  into  solution,  which  acquired  a  dark-red  color.  After  filtration  of 
the  solution,  the  benzene  was  removed  in  vacuum  at  30-40*,  and  the  residue  was  thoroughly  freed  fromPOCls 
by  three  additions  of  benzene  followed  by  distillation.  Addition  was  then  made  to  the  crystalline  residue  of 
55  ml  dry  benzene  and  5.5  g  ethylene  chlorohydrin,  and  the  mixture  refluxed  for  11  hours.  The  benzene  was 
then  taken  off  in  vacuum,  and  the  residue  crystallized  when  rubbed.  It  was  recrystallized  from  ethyl  acetate. 
Yield  16  g  (70*70),  m.p.  82-84*.  Recrystallization  from  ethyl  acetate  gave  a  colorless  crystalline  powder  with 
m.p.  82-84*.  soluble  in  alcohol,  ether,  benzene  and  ligroin  ,  insoluble  in  water. 

Found  %  N  3.94;  Cl  19.44.  CitHisCIzOjNS.  Calculated  %  N  3.8;  Cl  19.23. 

1,1-Dimetliyl-l- 12*[0  -(N-2**-chlorophenothiazyl)-proptonyl  ]-hydroxyethyl}  -  hydrazonium  chloride. 

A  mixture  of  5  g  0 '-chloroetliyl  ester  of  0 -(N-2-chlorophenothiazyl)-  propionic  acid  and  1.4  ml  unsymmetrical 
dimethylhydrazine  was  heated  in  an  ampoule  on  a  boiling  water  bath  for  5V2  hours.  The  reaction  mass  was  then 
dissolved  in  10  ml  anhydrous  alcohol,  and  to  the  solution  was  added  200  ml  dry  ether.  An  oily  substance  separ¬ 
ated  out  and  crystallized  on  standing  in  a  refrigerator.  It  was  recrystallized  from  a  mixture  of  40  ml  anhydrous 
alcohol  and  25  ml  etliyl  acetate.  Yield  2.7  g  (46*70),  m.p.  181,.5-183.5*,  A  second  recrystallization  from 
alcohol-ethyl  acetate  gave  a  colorless  substance  with  m.p,  184-185*,  soluble  in  alcohol  and  water,  insoluble  in 
ether,  acetone  and  chloroform. 

Found  *70:  N  9.42;  Cl  16.50.  C19H23O2CI2N3S.  Calculated  *7o:  N  9.81;  Cl  16.56. 

Metliyl  0  -(N-phenothiazyl)-propionate.  A  mixture  of  16  g  0 -(N-phenothiazyl)-propionic  acid,  40  ml 
metlianol  and  4  ml  cone,  sulfuric  acid  was  heated  at  the  boil  for  6  hours.  The  reaction  mass  was  then  poured  in¬ 
to  a  large  volume  of  water  and  extracted  with  ether;  the  ether  layer  was  washed  with  bicarbonate  and  then  witii 
water,  the  ether  was  distilled  off  and  the  residue  distilled.  Yield  14  g  (83  *7o),  b.p.  210-214*  (1  mm).  Recrystal¬ 
lization  from  alcohol  gave  colorless  crystals  with  m.p.  64.5-65.5*  (the  literature  reports  64-65*),  soluble  in  the 
usual  organic  solvents,  insoluble  in  water. 

Ethyl  0  -(N-phenothiazyl)-propionate.  This  was  prepared  under  the  conditions  described  above  for  the  ethyl 
ester  of  0 -(N- 2-chlorophenothiazyl)-propionic  acid  from  4  g  0 -(N-phenothiazyl)-propionitrile,  1.3  ml  cone, 
sulfuric  acid  and  9  ml  alcohol.  Yield  4  g  (84*70),  b.p.  195-202*  (0.5  mm).  Recrystallization  from  ethyl  alcohol 
gave  white  needles  with  m.p.  63.5*  (the  literature  reports  64*). 

0  -(N -phenothiazyl)-propionamide.  A  benzene  solution  of  the  acid  chloride  was  obtained  from  2  g  0  - 
(N-phenothiazyl)-propionic  acid,  1.6  g  PCI5  and  40  ml  benzene,  as  described  above.  Gaseous  ammonia  was 
then  passed  into  the  solution  until  completely  decolorized;  it  was  then  diluted  with  water  and  the  benzene  layer 
was  separated.  After  removal  of  the  benzene,  the  residue  was  recrystallized  3  times  from  aqueous  alcohol. 

Yield  0.5  g  (25 *7o),  m.p.  125-126*.  A  white  crystalline  substance,  readily  soluble  in  alcohol,  benzene  and  lig¬ 
roin,  insoluble  in  water. 

Found  *7o:  C  66.24;  H  4.95;  N  9.97.  CJBH14ON2S.  Calculated  <7(,:  C  66.65;  H  5.22;  N  10.35. 

Hydrazide  of  0 -(N-phenothiazyl)-propionic  acid.  A  mixture  of  7.75  g  ethyl  0-(N-phenothiazyl)-pro- 
pionate  and  4  ml  65*7)  hydrazine  hydrate  was  heated  at  the  boil  for  28  hours.  The  alcohol  was  then  removed  in 
vacuum  and  several  additions  of  water  followed  by  distillation  of  the  water  were  made  to  the  oily  residue.  The 
residue  solidified  on  cooling  and  was  dried  and  twice  recrystallized  from  benzene.  Yield  5.1  g  (69*7o),  nvp. 

98-99*  (with  decomp.).  The  compound  is  readily  soluble  in  alcohol,  benzene  and  chloroform,,  insoluble  in  ether 
and  water. 

Found  *7o:  N  14.55,  CigHgONaS.  Calculated  *7«  N  14.70. 
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p-AcetaminobenzalhydrazIde  of  $ -(N-phenothlazyl)-propionic  acid;  a  nearly  colorless  crystalline 
substance,  m.p.  192-193*  (from  glacial  acetic  acid). 

Found  N  13.26.  Ct4H220iN4S.  Cafculated<7«  N  13.01. 

4-Hydroxy-3-metlioxybenzalhydrazide  of  $-(N-phenothiazyl)-propionic  acid:  colorless  needles  with 
m.p.  200.5-202*  (from  glacial  acetic  acid). 

Found  °1t.  N  9.84.  CajHjiOjNsS.  Calculated  <7o:  N  10.00. 

Hydrochloride  of  the  dimethylaminoethyl  ester  of  fl -(N-phenothiazyl)-propionic  acid.  A  benzene  solu¬ 
tion  of  the  acid  chloride  of  this  acid  was  obtained,  in  the  manner  described  above,  from  10  g  0 -(N-phenothiazyl)- 
propionic  acid  by  reaction  widi  8  g  PCI5  in  250  ml  dry  benzene.  15  g  dimethylaminoethanol  was  then  added  to 
the  solution,  and  the  mixture  was  left  overnight.  The  reaction  mass  was  then  diluted  with  200  ml  water  and 
the  benzene  layer  was  separated,  washed  with  bicarbonate  and  with  water  and  dried  over  magnesium  sulfate. 

After  removal  of  the  benzene,  the  oily  residue  was  distilled  to  give  9,3  g  (66%),  b.p.  214-216*.  To  the  ben¬ 
zene  solution  (20  ml)  of  the  ester  base  (9.3  g)  was  added  an  alcoholic  solution  of  hydrogen  chloride  until  acid 
to  Congo  and  15  ml  anhydrous  ether  until  crystallization  commenced.  Yield  9.1  g,  m.p.  140,5-142".  Recrystal¬ 
lization  from  chlorobenzene  gave  white  crystals  with  m.p.  141.5-142.5*,  soluble  in  alcohol,  chlorobenzene  and 
water,  insoluble  in  ether  and  benzene. 

Found  %:  N  7.55;  Cl  9.26.  CjjHjaOjNjS  •  HCl.  Calculated  %:  N  7.40;  Cl  9.36. 

B '-Chloroethyl  ester  of  0 -(N-phenothiazyl)-propionic  acid.  A  benzene  solution  of  the  acid  chloride  of 
this  acid  was  prepared,  in  the  manner  described  above,  from  30  g  0  -(N-phenothiazyl)-propionic  acid  in  400  ml 
dry  benzene  and  24  g  PCI5.  After  filtration  of  the  solution,  the  benzene  was  taken  off  in  vacuum  on  a  bath  at 
30-40*,  and  dry  benzene  was  added  3  times  (100  ml  each  time)  to  the  residue  and  then  distilled  off.  Afterwards, 
addition  was  made  to  the  residue  of  60  ml  benzene  and  9.6  ethylene  chlorohydrin,  and  the  mixture  boiled  10 
hours.  The  benzene  and  excess  ethylene  chlorohydrin  were  then  removed  in  vacuum,  and  the  residue  (an  oil) 
was  crysullized  by  rubbing  with  iigroin.  Yield  26.2  g  (70%),  m.p,  72-74,5*  Two  recrystallizations  from 
ethyl  alcohol  gave  colorless  crystals  with  m.p.  75-76*. 

Found  %;  N  4.05;  Cl  10.75,  Ci^ijOjNSa.  Calculated  %;  N  4.19;  Cl  10.62. 

1,1-Dimethyl-l- 12*  [0 -(N-phenothiazyl)-propionyl]  -hydroxyethyl}  -hydrazonium  chloride.  A  mixture 
of  17  g  0 ’-chlorethyl  ester  of  0  -(N-phenothiazyl)-propionic  acid  and  5  ml  unsyrametrical  dimethylhydrazine  was 
kept  for  3  days  at  room  temperature  followed  by  3  days  in  a  refrigerator.  The  reaction  mass  was  then  dissolved 
in  20  ml  anhydrous  alcohol  and  15  ml  ether  was  added  until  crystallization  commenced.  Yield  5  g,  m.p.  169.5- 
171.5*  (with  decomp.).  Starting  substance  was  recovered  on  evaporating  the  filtrate.  Recrystallization  from 
anhydrous  alcohol  gave  a  colorless,  crystalline  powder  with  m.p.  174.5-175.5*  ,  soluble  in  alcohol  and  water, 
insoluble  in  ether,  benzene  and  ethyl  acetate. 

Found  %;  N  10.40;  Cl  8,87,  C19H24O2N3SCI.  Calculated  %:  N  10,66;  Cl  9.00. 

SUMMARY 

The  following  were  synthesized:  1)  0 -(N-2-chlorophenothiazyl)-propionic  acid,  its  ethyl  ester,  amide, 
hydrazide  and  the  corresponding  hydrazone,  and  nitrile  (reduction  of  the  latter  gave  N-(3’-aminopiopyl)-2-chloro- 
phenothiazine),  the  0 ’-chloroethyl  ester  of  0 -(N-2-chlorophenothiazyl)-propionic  acid,  and  the  product  of  its 
condensation  with  unsymmetrical  dimethylhydrazine;  2)  the  dimethylaminoethyl  ester  of  0-(N-phenothiazyl)- 
propionic  acid,  its  amide  and  hydrazide,  and  the  corresponding  hydrazones,  the  0 ’-chloroethyl  ester  of  0-(N- 
phenothiazyl)-propionic  acid  and  the  product  of  its  condensation  with  unsymmetrical  dimethylhydrazine. 
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INVESTIGATIONS  IN  THE  IMIDAZOLE  SERIES 


VI.  THE  ACTION  OF  BROM  O  A  C  E  T  A  LD  E  H  YD  E  AND  ITS  DERIVATIVES 
ON  SOME  2-MERCAPTOIMIDAZOLES 

P.  M.  Kochergin  and  M.  N.  Shchukina 


The  action  of  bromoacetaldehyde  or  of  other  a  -haloaldehydes  on  2-mercaptoiinidazoles  has  not  been 
described  in  the  literature.  The  reaction  is  of  definite  interest,  since  the  action  of  bromoacetaldehyde  on  2- 
mercaptoiniidazoles  can  be  expected  to  lead  to  imidazo-(2,l-b)-thiazoles  without  substituents  in  the  thiazole 
ring.  Apart  from  this,  it  would  be  of  interest  to  establish  whether  in  the  present  case  the  intermediate  imidazolyl- 
2-mercaptacetaldehydes  could  be  isolated.  These  are  analogous  in  structure  to  the  products  of  reaction  of  2- 
mercaptoimidazoles  with  a -haloketones  —  2-6 -ketoalkyl(aryl)-mercaptoimidazoles  [1-3],  Due  to  the  greater 
reactivity  of  the  aldehyde  group  in  comparison  with  the  ketone,  the  possibility  of  instantaneous  cleavage  of  a 
molecule  of  water  with  formation  of  imidazo-(2,  l-b)-thiazoles  had  to  be  taken  into  consideration. 

In  the  present  work  we  studied  the  action  of  bromoacetaldehyde  on  4(5)-phenyl-  and  4<5)-p-nitrophenyl- 
2-mercaptoimidazoles  [4].  In  the  case  of  4{5)-phenyl-2-mercaptoimidazole  we  also  studied  the  action  of  the 
dimethylacetal  and  diethlacetal  of  bromoacetaldehyde  and  of  a  .0 -dibromoethyl  ether. 

Reaction  of  4(5)-phenyl-  and  4(5)-p-nitrophenyl-2-mercaptoimidazoles  with  bromoacetaldehyde,  which 
was  prepared  without  isolation  in  the  free  state  by  heating  a  ,B -dibromodiethyl  ether  in  water,  gave  crystalline 
compounds  whose  elementary  analysis  corresponded  to  the  respective  imidazolyl-2-mercaptoacetaldehydes.  The 
product  of  reaction  of  4(5)-phenyl-2-mercaptoimidazole  with  bromoacetaldehyde  was  studied  the  most  thoroughly. 
.This  pure  crystalline  compound  does  not  give  sufficiently  typical  reactions  for  the  aldehyde  group.  It  reacts  with 
thiosemicarbazide,  phenylhydrazine  and  2,4-dinitrophenylhydrazine,  but  crystalline  derivatives  of  4{5)-phenylimi- 
dazolyl-2-mercaptoacetaldehyde  could  not  be  isolated.  It  does  not  give  a  silver  mirror  with  ammoniacal  silver 
oxide  but  deposits  a  brown,  flocculent  precipitate.  With  fuchsinesulfurous  acid  the  crimson-violet  color  does 
not  appear  at  once  but  only  after  some  time  and  gradually.  The  infrared  spectrum  of  this  compound  (Fig.l), 
plotted  in  the  solid  state,  does  not  contain  the  absorption  band  of  the  carbonyl  group  (at  1740-1760  cm“^  ).  The 
curve  is  generally  very  similar  to  that  of  3-methoxy-6-phenylimidazo-(2,l-b)-thiazoline  (Fig.  2),  whose 
synthesis  will  be  described  below,  and  differs  markedly  from  the  spectrum  of  4(5)-pheny-2-acetonyl-mercap- 
toimidazole  [3]  (Fig.  3)  as  a  compound  containing  the  carbonyl  group.*  On  the  basis  of  the  physicochemical 
properties  of  this  compound  we  may  suggest  that  in  the  solid  state  it  has  the  structure  of  3-hydroxy-6-phenylimi- 
dazo-(2,l-b)-thiazoline.  In  solution,  this  compound  probably  isomerizes  partially  to  4(5)-phenylimidazolyl- 
2-mercaptoacetaldehyde.  3^HydiiDxy'6”P"nitrophenylimidazo*(24.“b)“thiazoline  possesses  similar  properties. 

It  was  earlier  established  that  2- 6 -ketoalkylmercaptoimidazoles  easily  lose  a  molecule  of  water  when 
boiled  with  hydrochloric  acid  [3]  or  when  heated  to  95-100"  with  857o  phosphoric  acid  [5],  and  are  transformed 
into  imidazo-(2,l-b)-thiazoles.  3-Hydroxy-6-phenylj[p-nitrophenyl]-imidazo-(2,l-b)-thiazolines  do  not  split 
off  water  when  heated  with  the  above-mentioned  acids  and  are  recovered  unchanged.  Only  under  the  action  of 
phosphorus  oxychloride  or  concentrated  sulfuric  acid  do  they  split  off  a  molecule  of  water  with  facility  and  under¬ 
go  transformation  respectively  into  6-phenyl-  and  6-p-nltrophenylimidazo-(2,l-b)-thiazoles.  Treatment  of  3- 
hydroxy-6-phenylimidazo-(2,l-b)-thiazoline  with  concentrated  sulfuric  acid  leads,  as  in  the  case  of  4(5)-phenyl- 
2-  6  -ketoalkylmercaptoimidazoles  [6],  not  only  to  cleavage  of  a  molecule  of  water  but  also  to  subsequent  sul- 
fonation  of  the  6-phenylimidazo-(2,l-b)- thiazole  to  form  6-p-sulfophenylimidazo-( 2, 1-b)- thiazole. 

•  All  the  spectra  were  plotted  in  the  physical  chemistry  laboratory  of  our  institute  by  Tu.  N.  Shelnker. 
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Fig.  1.  Infrared  spectrum  of  3-hydroxy-6-phenylimidazo- 
(2,l-b)-thlazoline  (in  vaseline  oil) , 
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Fig.  2.  Infrared  spectrum  of  3-metho«y-6-phenyllmidazo 
(2,l-b)-thIazollne  (in  vaseline  oil) . 


Fig.  3,  Infrared  spectrum  of  4(5)-pheny-2-acetonyl- 
mercaptoimidazole  (in  vaseline  oil). 

As  will  be  shown  in  the  next  communication,  4(5)-phenyl(p-nitrophenyl)-2-g -ketoalkyl(a^yl)-mer- 
captoimidazoles  react  with  acetic  anhydride  to  give  crystalline  N-acetyl  derivatives  substituted  at  the  imino 
group  of  the  imidazole  ring.  3-Hydroxy-6-phenyl(p-nitrophenyl)-imidazo-(2,l-b)-thlazolines  are  recovered 
unchanged  after  treatment  with  acetic  anhyride,  which  behavior  is  likewise  evidence  of  their  bicyclic  structure. 

Sinhe  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde  was  found  not  to  exist  in  the  individual  sute 
and  readily  isomerized  to  3-hydroxy-6-phenylimidazo-(2,l-b)-thiazoline,  it  was  of  interest  to  prepare  acetals 
of  this  aldehyde  and  to  study  their  properties  and  transformation.  Reaction  of  4{5)-phenyl-2-mercaptoimidazole 
with  the  dimethyl-  and  diethylacetal  of  bromoacetaldehyde  in  the  corresponding  alcohols  in  presence  of  the 
equivalent  amount  of  the  corresponding  sodium  alkoxides  gave  the  dimethyl-  and  diethyl-  acetals  of  4(5)- 
phenylimidazx)lyl-2-mercaptoacetaldehyde.  These  compounds  are  colorless  oils  which  decompose  when  an 
attempt  is  made  to  d'jstill  them  in  vacuum.  The  second  one  was  characterized  as  thepicrate. 

Treatment  of  the  dialkylacetals  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde  with  dilute  hydro¬ 
chloric  acid  or  alcoholic  hydrogen  chloride  in  the  cold  does  not  lead  to  formation  of  the  hydrochlorides  of  the 
respective  acetals  but  to  hydrolysis  with  formation  of  one  and  the  same  hydrochloride  of  3-hydroxy-6-phenyl- 
imidazo-(2,l-b)-thiazoline.  The  same  compound  is  also  formed  on  boiling  the  dialkylacetals  of  4  (5)-phenyl- 
imidazolyl-2-mercaptoacetaldehyde  with  concentrated  hydrochloric  acid. 

Treatment  of  the  dialkylacetals  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde  at  30-50*  with 
concentrated  sulfuric  acid  gives  6-phenylimidazo-(2,l-b)-thiazole,  but  the  yield  is  very  low  due  to  resinifica- 
tion. 

Since  phosphorus  oxychloride  was  found  to  be  the  most  convenient  agent  for  cleavage  of  a  molecule 
of  water  from  2-g -ketoalkyl-(aryl)-mercaptoimidazoles  [1,  2,  5]  and  from  3-hydroxy-(2,l-b)-thiazolines,  it 
was  of  interest  to  study  its  action  on  the  acetal  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde.  Boiling  of 
the  dimethyl-  and  diethylacetals  of  4(5)-phenyl-2-mercaptoacetaldehydq  with  phosphorus  oxychloride  for  1^/^ 
hours  gave  not  6-phenylimidazo-(2,l-b)-thiazole,  as  was  to  be  expected,  but  products  of  removal  from  the 
original  acetals  of  only  one  molecule  of  alcohol  —  3-methoxy-  and  3-ethoxy-6-phenylimidazo-(2,l-b)-thiazo- 
lines.  Another  possible  structure  of  these  compounds  as  S-substituted  vinyl  ethers  is  ruled  out  because  they  do  not 
contain  a  double  bond  in  the  side  chain  or  an  imino  group  in  theimidazole  ring.  The  bicyclic  structure  of  3- 
alkoxy-6-phenylimidazo-(2,l-b)-thiazoliaes  is  likewise  consistent  with  physico-chemical  data.  The  infrared 
spectrum  of  3-methoxy-6-phenylimidazo-(2,l-b)-thiazoline  is  markedly  different  from  the  spectrum  of  4(5)- 
phenyl-2-ethylmercaptoimidazole  [4]  (Fig.  4)  as  a  compound  with  an  open  side  chain  and,  as  indicated  above, 
is  similar  to  the  spectrum  of  3-hydroxy-6-phenylimidazo-(2,l-b)-thiazoline. 

Treatment  of  3-alkoxy-6-phenylimidazo-(2,l-b)-thiazolines  with  concentrated  sulfuric  acid  at  30-35* 
readily  leads  to  cleavage  of  a  molecule  of  alcohol  with  formation  of  6-phenylimidazo-(2,l-b)-thiazole.  At 


95-100*,  apart  from  loss  of  an  alcohol  molecule,  sulfonation  of  the  6-phenylimidazo-(2,l-b)-thiazole  occurs 
with  formation  of  6-p-sulfophenylimidazo-(2,l-b)-thiazole.  The  latter  compound  was  also  obtained  directly 
by  sulfonation  of  6-phenylimidazo-(2,l-b)-thiazole. 


Y-m 

‘0 


Fig.  4.  Infrared  spectrum  of  4(5)-phenyl- 2-ethyl' 
mercaptoimidazole  (in  vaseline  oil). 


It  may  be  assumed  that  the  reaction  of  4(5)-phenyl-2-mercaptoimidazole  with  a  ,0 -dibromodiethyl 
ether  in  anhydrous  benzene  gives  2-ethoxy-6-phenylimidazo-(2,  l-b)-thiazoline,  isomeric  with  3-ethoxy-6- 
phenylimidazo-(2,l-b)-thiazoline. 


8r-CH, 

I  - 

Br-CH-OCjHj 
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In  this  case,  however,  also  when  carrying  out  the  reaction  in  water,  we  isolated  3-hydroxy- 6 -phenyl- 
lmidazo-(2,l-b)-thiazoline,.  The  reaction  probably  goes  according  to  the  following  scheme: 


.xx; 


NH  Br-CH-OCjHj 
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In  the  isomerization  of  4(5)-phenyl(p-nitrophenyl)-2-mercaptoacetaldehyde  lo3-hydroxylmidazo- 
(2,l-b)-thiazoline,  just  as  in  the  cleavage  of  the  molecule  of  alcohol  from  dialkylacetals  of  4{5)-phenylimi- 
dazolyl-2-mercapK)acetaldehyde,  the  formation  of  two  isomeric  imidazo-(2,l-b)-thiazolines  is  theoretically 
possible,  cleavage  from  which  of  a  molecule  of  water  or  a  second  molecule  of  alcohol  should  lead  likewise 
to  two  isomeric  imidazo-(2,l-b)-thiazoles:  5-phenyl(p-nitrophenyl)-  and  6-pheny(p-nitrophenyl)-imidazo- 
(2,  l-b)-thiazoles. 


X-CbH 
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In  none  of  our  experiments,  however,  did  we  succeed  in  isolating  two  isomers. 

The  structure  of  the  prepared  6-phenyl-  and  6-p-nitrophenylimidazo-(2,l-b)-thiazoles  was  proved 
by  reverse  synthesis  of  these  compxjunds  from  2-aminothiazole  and  a  -bromoacetophenone  and  its  p-nitro  deri¬ 
vative.  The  compounds  prepared  by  this  route  were  identical  with  the  substances  synthesized  from  4(5)-phenyl- 
and  4(5)-p-nitrophenyl-2-mercaptoimidazoles.  The  position  of  the  phenyl  and  p-nitrophenyl radicals  in  3-hy¬ 
droxy-  and  3-alkoxyimidazo-(2,l-b)-thiazolines  is  not  in  doubt  because  of  the  transformation  of  these  com¬ 
pounds  into  6-phenyl-  and  6-p-nitrophenylimidazo-(2,l-b)-thiazoles.  We  did  not  verify  the  structure  of  6-p- 
sulfophenylimidazo-(2,l-b)-thiazole;  by  analogy,  however,  with  the  sulfonation  of  3-methyl-6-phenylimidazo- 
(2,l-b)-thiazole  [6],  we  may  assume  that  also  in  the  present  case  the  sulfo  group  is  in  the  para-position  of  the 
benzene  ring. 

The  study  of  the  action  of  a  -halocarbonyl  compounds  on  2-mercaptoimidazoles  enables  us  to  draw 
some  conclusions  about  the  mechanism  of  closure  of  the  thiazole  ting  during  the  preparation  of  imidazo-(2,l-b)- 
thiazoles.  As  was  shown  earlier,  the  first  stage  of  the  interaction  of  2-mercaptoimidazoles  with  a  -haloketones 
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Is  die  formation  of  S-0  -carbonyl  compounds  [1-3].  The  action  of  bromoacetaldehyde  on  2-mercaptoimidazoles 
provides  evidence  that  die  next  suge  of  closure  of  the  diiazole  ring  is  migration  of  the  hydrogen  of  the  imino 
group  of  the  imidazole  ring  to  the  oxygen  atom  of  die  carbonyl  group,  and  is  followed  by  closure  of  thebydroxy- 
thiazoline  ring.  The  3-hydroxyimidazo-(2,l-b)-thiazoline$  lose  a  molecule  of  water  and  are  transformed  into 
imidazo-(2,l-b)-thiazoles.  Consequently  die  mechanism  of  closure  of  the  diiazole  ring  may  be  represented  by 
the  following  scheme: 


CH, 


— NH 
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OH 
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It  is  highly  probable  that  a  similar  mechanism  is  applicable  to  the  formation  of  diiazole  derivatives 
in  condensation  of  thiourea  or  thioamides  of  carboxylic  acids  with  a  -halocarbonyl  compounds. 

Some  of  die  compounds  that  we  prepared  (V,  VII,  IX  and  the  hydrochloride  oflll)  (see  below)  were 
tested  for  antibacterial  activity  in  the  department  of  chemotherapy  of  the  All-Union  Institute  of  Pharmaceutical 
Chemical  Research  (range  of  16  varieties  of  organisms).  These  compounds  are  lacking  in  high  antimicrobial 
activity.* 


EXPERIMENTAL 

Diethylacetal  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde  (II).  To  a  solution  of  sodium  eth- 
oxide,  prepared  from  1.3  g  sodium  and  85  ml  anhydrous  ethyl  alcohol,  was  added  10  g  4(5)-  phenyl-2-mercap- 
toimidazole.  After  the  latter  had  dissolved,  11.3  g  diethylacetal  of  bromoacetaldehyde  was  added  and  the 
solution  boiled  11  hours.  The  mixture  was  then  cooled  and  filtered  from  sodium  bromide,  and  the  solvent  was 
taken  off  in  vacuum.  The  oily  residue  was  dissolved  in  chloroform  and  the  solution  washed  with  water  and 
dried  with  magnesium  sulfate.  After  removal  of  the  chloroform  in  vacuum,  the  substance  was  dried  in  a  desic¬ 
cator.  Yield  16.-3  g  (98,27o)  of  the  diethylacetal  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde.  A  color¬ 
less,  viscous  oil,  soluble  in  organic  solvents  and  mineral  acids,  insoluble  in  water;  it  decomposes  when  an  at¬ 
tempt  is  made  to  distill  it  in  vacuum. 

Picrate:  yellow  crystals  (from  alcohol)  with  m.p.  126-127*. 

Found  C  48.43;  H  4.62;  N  13.58;  S  5.89.  C21H23O9N5S.  Calculated  ^a:  C  48.34;  H  4.44;  N  13.43; 

S  6.15*  • 


The  dimethylacetal  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde  (I)  was  similarly  prepared  from 
the  dimediylacetal  of  bromoacetaldehyde  in  methyl  alcohol.  A  colorless,  viscous  oil,  resembling  (II)  in 
solubility. 

3-Ethoxy-6-phenylimidazo-(2,l-b)-thiazoline  (IV).  A  solution  of  8.9  g  diethylacetal  of  4(5)-phenyl- 
lmidazolyl-2-mercaptoacetaldehyde  in  20  ml  phosphorus  oxychloride  was  boiled  for  1^^  hours;  the  phosphorus 
oxychloride  was  then  distilled  off  in  vacuum.  After  cooling  of  the  oily  residue,  water  was  added  ana  the  mix¬ 
ture  neutralized  with  sodium  bicarbonate  solution.  The  oily  substance  that  separated  out  was  extracted  with 
chloroform,  the  solution  was  dried  with  magnesium  sulfate  and  die  solvent  was  removed  in  vacuum.  The 
residual  oil  crystallized  on  cooling.  The  crystals  were  washed  on  the  filter  with  a  small  quantity  of  ether  and 
dried.  Yield  6.5  g  (75,l«7o)  of  substance  with  m.p.  114-116*.  The  3-ethoxy-6-phenylimidazo-(2,l-b)-thiazoline 
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•  Tests  were  undertaken  by  A.  A.  Mikerina  under  the  direction  of  G.  N.  Pershin. 

•  *  All  analyses  were  carried  out  in  the  microanalytical  laboratory  of  our  institute. 


was  recrystallized  from  alcohol  for  analysis.  Colorless  prisms  with  m.p.  122*,  soluble  in  organic  solvents  and 
solutions  of  mineral  acids,  insoluble  in  water,  ligroin  and  caustic  alkali  solution. 


Found  <yo:  C  63.20;  H  5.T6;  N  11.25;  S  12.72.  CoHnONjS.  Calculated  C  63.37;  H  6.73;  N  11.38; 

S  13.02. 

Picrate:  yellow  needles  (from  alcohol)  with  m.p.  197-198"  (with  decomp.). 

Found  °1k  N  14.66.  CuHi/DgNgS.  Calculated  N  14.73. 

3-Methoxy-6-phenylimidazo-(2,l-b)-thiazoline  (HI)  was  similarly  prepared  from  the  dimediylacetal 
of  4  (5)-phenylimidazolyl-2-mercaptoaceuldehyde  (I).  After  the  chloroform  had  distilled  off,, the  substance 
did  not  crystallize.  It  was  converted  to  the  hydrochloride  in  ethereal  solution  by  the  action  of  an  alcoholic 
solution  of  hydrogen  chloride.  After  crystallization  from  alcohol  the  hydrochloride  had  m.p.  141-142* 

(with  decomp.). 

Found  C  50.13;  H  5.39;  N  10.07;  S  11.06;  Cl  12.50;  H,0  6.77.  C^HisONjSCl  •  H^.  Calculated 
tjt:  C  50.24;  H  5.27;  N  9.76;  S  11.18;  Cl  12.37;  HjO  6.28. 

The  base  (HI)  was  obtained  from  the  alcoholic  solution  of  the  hydrochloride  by  the  action  of  sodium 
bicarbonate.  For  analysis  it  was  first  recrystallized  from  a  mixture  of  carbon  tetrachloride  and  ligroine  and  then 
from  a  mixture  of  anhydrous  ethyl  alcohol  and  ligroin.  Colorless  crysuls  with  m.p.  71.5-72.5*,  readily  solu¬ 
ble  in  organic  solvents  and  solutions  of  mineral  acids,  insoluble  in  water,  ligroin  and  caustic  alkali  solution. 

Foundfo;  C  62.11;  H  5.30;  N  11.70;  S  13.68.  C^HizONgS.  Calculated  C  62.01;  H  6.21; 

N  12.06; S  13.80. 

Picrate:  yellow  needles  from  alcohol  ,  m.p.  172-173*  (with  decomp.).. 

Found  <7o:  N  14.98.  CigHisOjNgS.  Calculated  N  15.18. 

3-Hydroxy-6-phenylimidazo-(2,  l-b)-thiazoline  (V).  a)  A  mixture  of  8.7  g  a  ,B  -dibromoethyl  ether 
and  70  ml  water  was  boiled  several  minutes  until  a  homogeneous  solution  had  been  formed.  To  the  hot  solution 
was  then  added  6.6  g  4(5)-phenyl-2-mercaptoimidazQle  and  the  resultant  suspension  was  boiled  for  1  hour  (until 
the  substance  had  dissolved  completely).  The  solution  was  cooled  and  neutralized  with  sodium  bicarbonate 
solution;  the  precipitate  was  then  filtered,  washed  with  water  and  dried.  Yield  8  g  with  m.p.  146-149*  (with 
decomp.).  The  3-hydroxy-6-phenylimidazo-(2,  l-b)-thiazoline  w^s  purified  for  analysis  by  recrystallization 
successively  from  alcohol,  acetone,  ethyl  acetate  and  again  from  alcohol.  Colorless  needles  with  m.p.  160- 
161°  (with  decomp.),  soluble  in  the  majority  of  organic  solvents  and  in  solutions  of  mineral  acids,  sparingly 
soluble  in  carbon  tetrachloride,  benzene  and  ether,  insoluble  in  ligroin,  caustic  alkali  solution  and  water. 

Found  <7o:  C  60.39;  H  4.43;  N  12.76;  S  14.49.  CnHiflONzS.  Calculated  C  60.51;  H  4.62;  N  12.84; 

S  14.69. 


Hydrochloride:  colorless  crystals  (from  alcohol)  with  m.p.  163-165°  (with  decomp.). 

Found%:  Cl  13.96.  CnHnONjSCl.  Calculated  Cl  13.93. 

Picrate:  yellow  prisms  (from  alcohol)  with  m.p.  145-146*  (with  decomp.),  crystallizing  with  two 
molecules  of  water  which  are  lost  at  above  100*. 


Found  %:  C  42.45;  H  3.50;  N  14.72.  CitHuOjNbS .  2H2O.  Calculated  %  C  42,22;  H  3.55;  N  14,30. 
After  drying  at  110-115*  found  <7o:  C  45.46;  H  2.91.  ChHuOjNbS .Calculated C  45.61;  H  2.92. 


b)  To  a  suspension  of  G.5  g  4(5)-phenyl-2-niercaptoimidazole  in  65  ml  anhydrous  benzene  was  added 
6.6  g  a,B  -dibromoethyl  ether;  the  mixture  was  boiled  1*/^  hours.  The  benzene  was  then  removed  in  vacuum, 
and  the  residue  was  dissolved  in  water  and  neutralized  with  sodium  bicarbonate  solution;  the  resultant  white 
precipitate  was  filtered,  washed  with  water  and  dried.  Yield  8,1  g  substance  with  m.p,  124-128*  (with  decomp.); 
after  recrystallization  from  alcohol,  (V)  was  obtained  with  m.p.  160-161"  (with  decomp.).  A  mixture  with  the 
substance  obtained  by  method  (a)  melted  at  160-161*. 

c)  A  solution  of  2  g  of  the  diethylacetal  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde  in  10  ml  38*^ 
hydrochloric  acid  was  boiled  1  hour  20  minutes,  after  which  it  was  cooled  and  7  ml  water  was  added.  The 
precipitate  was  filtered  and  dried.  Yield  1.2  g  substance  with  m.p.  158-161*  (with  decomp.);  recrystallization 
from  alcohol  gave  colorless  crystals  with  m.p.  163-165*  (with  decomp.).  A  mixture  with  the  hydrochloride  of 
(V)  melted  at  163-165*  (with  decomp.).  After  separation  of  the  hydrochloride,. the  hydrochloric  acid  mother 
liquor  was  neutralized  with  sodium  bicarbonate  solution,  and  the  resultant  precipitate  was  filtered  and  dried. 
Yield  0.3  g  substance  with  m.p.  145-150*  (with  decomp.);  recrystallization  from  alcohol  gave  colorless  needles 
with  m.p,  160-161*  (with  decomp.)  .  A  mixture  with(V)  obtained  by  method(a)  melted  at  160-161*  (witfi  de¬ 
comp.),  Total  yield  85<^ 

d)  15-20  ml  alcoholic  solution  of  hydrogen  chloride  was  added  to  6  g  of  the  diethylacetal  of  4(5)-phenyl- 
imidazolyl-2-mercaptoacetaldehyde.  After  standing  at  room  temperature  for  over  24  hours,  a  crystalline  pre¬ 
cipitate  was  formed  and  was  filtered  off  and  recrystallized  from  alcohol.  A  mixture  of  this  hydrochloride 
(m.p.  163-165*  with  decomp.)  with  the  hydrochloride  of  (V)  melted  at  163-165*  (with  decomp.). 

Under  similar  conditions  the  hydrochloride  of  (V)  with  m.p.  163-165*  (with  decomp.)  was  prepared  from 
the  dimethylacetal  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde. 

3-Hydioxy-6-p-nitrophe,nylimidazel-(2,l-b)-thiazoline.To  a  suspension  of  6  g  4(5)-p-nitrophenyl-2-mer- 
captoimidazole  In  50  ml  water  was  added  6.3  g  a  ,g -dibromodiethyl  ether,  and  the  mixture  was  boiled  3 
hours.  The  solution  was  cooled  and  neutralized  with  sodium  bicarbonate  solution;  the  yellow  precipitate  was 
filtered  off,  washed  with  water  and  dried.  Yield  6.9  g  {96.5%)  3-hydroxy-6-p-nitrophenylimidazo-(2,l-b)-thia- 
zoline.  Yellow  crystals  (from  acetone)  with  m.p.  203-204*:  (with  decomp.),  sparingly  soluble  in  most  organic 
solvents,  insoluble  in  ether,  water  and  caustic  alkali  solution. 

Found  %:  C  50.13;  H  3.48;  N  15.87;  S  11.90.  CUH9O3N3S.  Calculated  %:  C  50.16;  H  3.45;  N  15.97; 

S  12.22. 

6-Phenylimidazo-(2,l-b)-thiazole  (VI).  a)  A  solution  of  2  g  2-aminotfaiazole  and  3.97  g  a  -bromoaceto- 
phenone  in  45  ml  alcohol  was  boiled  for  1^/^  hours.  The  precipitate  (which  came  down  on  cooling)  was  filtered 
and  dried.  A  further  small  quantity  of  the  substance  was  obtained  by  evaporation  of  the  mother  liquor  to  a 
small  volume  and  addition  of  ether.  Yield  5.1  g  (90.9%)  of  the  hydrobromide  of  6-phenylimidazo-(2,l-b)-thia- 
zole  with  m.p.  110-113’;  recrystallization  from  acetone  gave  colorless  needles  with  m.p.  114-116*,  soluble  in 
water,  alcohol  and  acetone. 

Found  %:  Br  28,11.  CnHjNjSBr.  Calculated  %;  Br  28.43. 

Addition  of  sodium  bicarbonate  solution  to  the  aqueous  solution  of  the  hydrobromide  yielded  the  base  — 
6-phenylimidazo-(2,l-b)-thiazole  —  in  the  form  of  colorless  needles  (from  aqueous  alcohol)  with  m.p.  146- 
146.5*,  soluble  in  most  organic  solvents  and  in  solutions  of  mineral  acids,  insoluble  in  ligroin,  water  and 
caustic  alkali  solution. 

Found  %;  C  66.05;  H  3,90;  N  13.86;  S  15.70,  CuHgNjS,  Calculated  %;  C  65.96;  H  4.02;  N  13.99; 

S  16.02. 

Hydrochloride:  colorless  needles  (from  alcohol)  with  m.p.  153-154*. 


Found  %:  Cl  14.47.  CuH,NjSCl.  Calculated  %;  Cl  14.99. 


Sulfate:  colorless  prisms  from  alcohol,  with  m.p.  210-211",  sparingly  soluble  in  water  and  alcohol; 
crystallizes  with  one  molecule  of  crystal  water. 

l-ound  ;  S  (total)  19.98;  S  (ionic)  10.08.  CuHio04N2S2.“  HjO  .Calculated  <7o:  S  (toul)  20.27;  S  (ionic) 

10.13. 


Picrate:  yellow  plates  (from  alcohol)  with  m.p.  223-223.5*. 

Found  <7o;  N  15.91.  Ci^uOyNsS.  Calculated  <7o;  N  16.32. 

b)  A  solution  of  1.4  g  diethylacetal  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde  in  6.5  ml  95‘7o 
sulfuric  acid  was  heated  at  45-50"  for  30  minutes;  it  was  then  poured  into  12-15  ml  water  and  heated  on  a 
boiling  water  bath  for  1  hour.  The  brown  solution  was  cooled,  neutralized  with  sodium  carbonate  solution 
and  extracted  with  chloroform.  'Ilie  chloroform  solution  was  dried  with  magnesium  sulfate  and  eva[>orated  to 
dryness  in  vacuum;  the  oily  residue  was  dissolved  in  alcohol  and  added  to  an  aqueous  solution  of  picric  acid. 
Yield  0.15  g;  recrystallization  from  alcohol  gave  yellow  plates  with  m.p.  223*.  A  mixture  with  the  picrate 
(VI)  melted  at  223* 

c)  A  solution  of  1  g  3-hydroxy-6-phenylimidazo-(2,l-b)-thiazoline  in  6  ml  95.6*70  sulfuric  acid  was 
heated  at  30*  for  7-10  minutes,  after  which  it  was  left  for  several  hours  at  room  temperature.  The  brown  solu¬ 
tion  was  run  into  20  ml  water  and  neutralized  with  sodium  hydroxide;  the  resultant  precipitate  was  filtered, 
washed  with  water  and  dried.  Yield  0.6  g  (74.1'7o)  substance  with  m.p.  135-138";  recrystallization  from  aqueous 
alcohol  gave  colorless  needles  with  m.p.  146-146.5*.  A  mixture  with  (VI)  melted  at  146-146.5*.  A  mixture 
with  the  original  substance  (m.p.  160-161’)  melted  at  124-127°, 

d)  To  0.65  g  3-hydroxy-6-phenylimidazo-(2,l-b)-thiazole  was  added  3  ml  phosphorus  oxychloride;  heat 
was  developed.  The  solution  was  heated  at  the  boil  for  10  minutes,  cooled,  poured  into  iced  water  and  neu¬ 
tralized  with  sodi  um  hydroxide  solution.  The  precipitate  was  then  filtered  off,  washed  with  water  and  dried. 
Yield  0.4  g  (67.8*70)  of  (VI);  recrystallization  from  aqueous  alcohol  gave  colorless  needles  with  m.p.  146-146.5*. 

e)  A  solution  of  0.1  g  3-methoxy-6-phenylimidazo-(2,l-b)-thiazoline  in  3  ml  95.6*70  sulfuric  acid  was 
heated  at  30*  for  30  minutes,  after  which  it  was  worked  up  as  in  the  preceding  experiment.  Recrystallization 
from  aqueous  alcohol  gave  (VI)  with  m.p.  146-146.5*. 

f)  A  solution  of  0.6  g  3-ethoxy-6-phenylimidazo-(2,l-b)-thiazoline  in  4  ml  92*7i  sulfuric  acid  was 
heated  to  35*  and  left  overnight.  It  was  then  poured  into  10  ml  cold  water.  The  precipitated  sulfate  of  (VI) 
was  filtered  off  and  decomposed  with  sodium  carbonate  in  aqueous  solution.  Yield  0.48  g  (98*7o)  of  (VI)  which 
had  m.p.  146°  without  recrystallization. 

6-p-Nitrophenylimidazo-(2,l-b)-thiazole.  A  solution  of  3  g  3- hyd^oxy-6-p-nitrophenylimidazo-(2,l-b)- 
thiazoline  in  50  ml  phosphorus  oxychloride  was  boiled  for  2  hours;  the  phosphorus  oxychloride  was  then  distilled 
off  in  vacuum;  water  was  added  to  the  cooled  residue  and  then  sodium  carbonate  solution  until  the  reaction  was 
alkaline.  The  yellow  precipitate  was  filtered  off,  washed  with  water  and  dried.  Yield  2.7  g  (98.4*7o)  of  sub¬ 
stance  with  m.p.  275-277*;  recrystallization  from  glacial  acetic  acid  gave  yellow  needles  with  m.p.  283-284*; 
difficultly  soluble  in  most  organic  solvents,  insoluble  in  water  and  caustic  alkali  solution.  A  mixed  specimen 
with  6-p-nitrophenylimidazo-(2,l-b)-thiazole  (m.p.  283-284*)  ,  prepared  from  2-aminothiazole  and  a -bromo- 
p-nitroacetophenone  by  the  method  of  Matsukawa  and  Bann  [7],  melted  at  283-284*. 

Found  *7o:  N  17.07.  C11H7O2N3S.  Calculated  *70;  N  17.14. 

6-p-Sulfophenylimidazo-(2,l-b)-thiazole  (VII).  a)  To  3.5  ml  95.6*7^  sulfuric  acid  was  added  0.3  g  of  the 
hydrochloride  of  3-methoxy-6-phenylimidazo-(2,l-b)-thiazoline,  and  the  solution  was  heated  on  a  boiling 
water  bath  for  30  minutes.  Hydrogen  chloride  was  evolved  at  the  start  of  heating  .  The  brown  solution  was 
cooled  and  poured  into  15-20  ml  iced  water;  the  precipitate  was  then  filtered,  washed  with  acetone  and  dried. 
Yield  0.22  g  (79.7*'/)  of  6-p-sulfophenylimidazo-(2,l-b)-thiazole;  colorless,  spindle-shaped  crysuls  (from 
water),  not  melting  at  360*,  insoluble  in  organic;  solvents  and  mineral  acids,  difficultly solifcle  in  water.  The 
compound  crystallizes  with  one  molecule  of  crystal  water  which  it  loses  at  above  100*. 
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Found  C  44.47;  H  3.44;  N  9.39;  S  21.69;  HjO  6.07.  CuHgOjNjSj  •  HjO.  Calculated  C  44.26; 

H  3.38;  N  9.39;  S  21.50;  H,0  6.23. 

b)  A  solution  of  0.5  g  3-ethoxy-6-phenylimidazo-(2,l-b)-thiazoline  in  5  ml  95"/,)  sulfuric  acid  was  heated 
on  a  boiling  water  badi  for  1  hour,  after  which  it  was  worked  up  as  in  the  preceding  experiment.  Yield  0.46  g 
of  (VD)  (77  /  ). 

c)  A  solution  of  1.7  g  3-hydroxy-6-phenylimidazo-(2,l-b)-thiazoline  in  11  ml  95.6%  sulfuric  acid  was 
heated  on  a  boiling  water  bath  for  30  minutes  and  tlien  poured  into  25  ml  water;  the  resultant  precipitate  was 
filtered  off.washed  with  water  and  dried.  Yield  2.1  g  substance  which  was  put  into  a  solution  of  sodium  bicar¬ 
bonate  (10  ml).  The  insoluble  portion  was  filtered  off,  washed  with  water  and  dried.  Yield  0.1  g  substance 
widi  m.p.  (from  alcohol)  146-146.5*.  A  mixed  specimen  with  the  starting  substance  (m.p.  160-16T)  melted 
at  139-143*.  A  mixed  specimen  widi  (VI)  (m.p.  146-146.5’)  melted  at  146-146.5*.  The  bicarbonate  solution 
was  neutralized  with  excess  of  concentrated  hydrochloric  acid;  the  white  crystalline  precipitate  was  filtered 
off,  washed  with  acetone  and  dried.  Yield  1.95  g  (84.8%)  of  (VII). 

d)  A  solution  of  0.16  g  6-phenylimidazo-(2,l-b)-thiazole  in  4  ml  95.6%  sulfuric  acid  was  heated  on  a 
boiling  water  bath  for  30  minutes,  after  which  it  was  worked  up  as  in  experiment  (a).  Yield  0.2  g  (94.4%)  of 

(vn). 


SUMMARY 

1.  The  action  of  bromoacetaldehyde  on  4(5)-phenyl-  and  4(5)-p-nitrophenyl-2-mercaptDimida2»les  was 
studied. 

2.  Thb  transformation  of  imidazolyl-2-mercaptDacetaldehydes  and  ot  i',cir  acetals  into  derivatives  of 
3-hydroximidazo-(2,l-b)-thiazoline,  and  the  transformation  of  the  acetals  into  imidazo-(2,l-b)-thiazoles  were 
investigated. 

3.  A  series  of  derivatives  of  4(5)-phenylimidazolyl-2-mercaptoacetaldehyde,  3-hydroximidazo-(2,l-b)- 
thiazoline  and  imidazo-(2,l-b)-thiazole  was  synthesized. 

4.  A  new  mechanism  of  the  closure  of  tiie  thiazole  ring  was  proposed  on  die  basis  of  a  study  of  the  struc¬ 
ture  of  the  intermediate  products  during  synthesis  of  imidazo-(2,l-b)  -thiazoles. 
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INVESTIGATIONS  IN  THE  IMIDAZOLE  SERIES 


VII.  THE  ACTION  OF  ACETIC  ANHYDRIDE  ON  2-0-KETOALKYL(ARYL)- 

M  E  RC  A  PTOIMID  AZOLES 

P.  M.  Kochergin 

2  -8  -Ketoalkyl(aryl)-niercaptoimidazoles  can  split  off  a  molecule  of  water  when  their  hydrochlorides  are 
boiled  in  butyl  alcohol  [1]  or  heated  with  phosphorus  oxychloride  [2-5]  or  with  hydrochloric  [1],  sulfuric  [5-7], 
phosphoric  [4]  or  acetic  [4,  6]  acids.  They  are  transformed  in  this  way  into  derivatives  of  imidazo-(2,l-b)- 
thiazole.  It  was  also  of  interest  to  study  the  dehydrating  action  of  acetic  anhydride  on  these  compounds. 

Ochiai  [2]  reacted  acetic  anhydride  with  4(5)-methyl-5(4)-carbethyoxy-2-acetonyl-mercaptoimidazole 
in  presence  of  anhydrous  sodium  acetate  and  obtained  a  substance  to  which  he  assigned  the  structure  of  2-acetyl- 
3,6-dimethyl-5-carbethoxyimidazo-(2,l-b)-thiazole.  The  author  did  not  isolate  the  intermediate  product  in 
this  reaction  —  l-acetyl-4-methyl-5-carbethoxy-2-acetonyi-mercaptoimidazole  —  so  that  in  spite  of  the 
weighty  theoretical  arguments  the  mechanism  of  this  reaction  has  remained  uncertain. 

The  present  work  established  that  the  action  of  acetic  anhydride  on  2-6  -ketoalkyl(aryl)-mercaptoimidata 
zoles  is  markedly  different  from  that  of  the  reagents  cited  above.  The  difference  is  that  the  primary  action  of 
acetic  anhydride  is  not  dehydration  but  acetylation,  N-acetyl  derivatives  of  2-8  -ketoalkyl(aryl)-mercaptoimi- 
dazoles  being  formed.  Thus,  on  boiling  the  previously  described  [1]  S-acetonyl-,  methylacetonyl-,  phenacyl- 
and  cyclohexanonyl-  derivatives  of  4(5)-phenyl-2-mercapto  imidazole,  as  well  as  the  S-acetonyl  derivative  of 
4(5)-p-nitrophenyl-2-mercaptoimidazole,  with  acetic  anhydride  for  5-30  minutes,  we  obtained  good  yields 
(78-9973)  of  the  corresponding  l-acetyl-5-phenyl(p-nitrophenyl)-2-8 -ketoalkyl(aryl)-mercaptoimidazoles  (I, 

II,  III,  VI  and  VII :  Table  1),  These  compounds  crystallize  nicely  from  alcohol  or  glacial  acetic  acid;  they 
hydrolyze  with  facility  in  hydrochloric  acid  solution,  forming  the  hydrochlorides  of  the  original  2-6 -ketoalkyl 
(aryl)-mercaptoimidazoles. 

N-Acetyl  derivatives  of  2-8  -ketoalkyl(aryl)-mercaptoimidazoles  containing  a  methylene  group  between 
the  carbonyl  group  and  the  sulfur  atom  undergo  cleavage  of  water  at  the  expense  of  the  hydrogen  atoms  of  the 
methylene  group  and  the  oxygen  of  the  N-acetyl  group,  forming  3-methylimidazo-(2,l-b)-thiazolyl-2-alkyl- 
(aryl)-keiones.  This  reaction  goes  with  facility  when  l-acetyl-2-8  -ketoalkyl(aryl)-mercaptoimidazoles  are 
’  boiled  in  acetic  anhydride  in  presence  of  anhydrous  sodium  acetate.  Thus,  from  2-acetonylmercapto-  and  2- 
phenacylmercapto-l-acetyl-5-phenylimidazoles  (I  and  HI;  Table  1)  we  obtained  compounds  (I  and  II;  Table  2). 

As  was  first  shown  by  Ochiai  [2],  2-acyl-3-methylimidazo-(2,l-b)-thiazoles  can  also  be  prepared  directly 
from  2-8-ketoalkyl(aryl)-mercaptoimidazoles  by  heating  the  latter  with  acetic  anhydride  and  anhydrous  sodium 
acetate  without  isolation  of  the  intermediate  N-acetyl  derivatives  of  2-6  -ketoalkyl(aryl)-mercapioimidazoles. 
We  prepared  compounds  I  and  V  (Table  2)  from  4(5)-phenyl-  and  4(5)-p-nitrophenyl-2-acetonyl-mercaptDimi- 
dazoles  [1].  This  closure  of  the  thiazole  ring  takes  place  readily  in  the  case  of  4(5)-phenyl-2-nitrophenacyl- 
mercaptoimidazoles  on  boiling  with  acetic  anhydride  even  in  the  absence  of  sodium  acetate.  The  correspond¬ 
ing  l-acetyl-5-phenyl-2-nitrophenacyl-mercaptoimidazoles  (IV  and  V;  Table  1)  together  with  products  of  their 
furdier  transformation  —  2-nitrobenzoyl-3-methyl-5-phenylimidazo-(2,l-b)-thiazoles  (III  and  IV;  Table  2)  — 
could  be  isolated  only  by  brief  (3-5  minutes)  heating  of  4(5)-phenyl-2-nitrophenacyl-mercaptoimidazoles  [1] 
with  acetic  anhydride. 

On  the  basis  of  the  results  described  above,  the  following  mechanism  of  the  action  of  acetic  anhydride 
on  2-6  -ketoalky(aryl)-mercaptoimidazoles  is  proposed  [see  top  of  p.  3246], 

It  should  be  noted  that  this  characteristic  closure  of  the  thiazole  ring  has  not  previously  been  observed  in 
the  case  of  simple  derivatives  of  thiazole  not  condensed  with  other  rings. 

Since  the  4-  and  5-positions  in  derivatives  of  imidazole  with  a  free  imino  group  are  equivalent,  two 
isomers  could  be  theoretically  formed  both  in  the  acetylation  and  alkylation  of  4(5)-substituted  2-6 -ketoalkyl 
(aryl)-mercaptoimidazoles;  in  the  present  case  the  isomers  would  be  4-phenyl(or  p-nitrophenyl)-and  5-phenyl- 


l-Acetyl-5-phenyl(p-nitrophenyl)-2-5  -ketoalkyl(aryl)-mercaptDimidazoles 
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Compounds  I  to  VI  were  recrystallized  from  alcohol,  vn  from  glacial  acetic  acid. 

All  analyses  of  compounds  listed  in  Tables  1  and  2  were  carried  out  in  the  microanalytical  laboratory  of  our  institute. 


TABLE  2 

3  -Methyl-  iinidazor<2 ,1  -b)-thiazolyl'’  2-  alkyl(aryl)-^etones 
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(p-.nitrophenyl)-l-acetyl-2-g -ketoalkyl(aryl)-mercaptoiniidszoles.  Subsequently,  each  of  these  isomers  could 
give,  respectively,  6-phenyl(p-nitrophenyl)-  and  5-phenyl-(p-nitropheiiyl)-2-acyl-3-methylirnidazo-2,l-b)- 
tl;iazole. 


XC«H4— jj - NH 


XC«H4-jp— N-COCH3 


CH2-COR 


'W\s/ 


CH2-COR 


XCeH4-ij - N— ii-CHy 

TJs  i-COR 


(p-nitrophenyl)-l-acetyl-2-i3 -ketoalkylfaryll-mercaptoimidazoles.  Subsequently,  each  of  these  isomers  could 
give,  respectively,  6-phenyl(p-nitrophenyl)-  and  5-phenyl-(p-nitrophenyl)-2-acyl-3-methylimidazo-(2,l-b)“ 
thiazole. 


XCeH4- 


-NH 


- - N-COCH3 

CH,— COR  -*>  vr  14  I  I  CH2-COR 


xc„H4-r'. 


N - r-CH3 

-COR 


XCjjHj — ji NH 

11  1 


XChH 


CH,-COR 


XCeHi-; - N - j|-CH3 

\  /^\  /  COR. 


-N-COCH3 
I  CH2-COR 


In  all  cases  we  isolated  only  one  N-acetyl  derivative  of  2-S  -ketoalkyl(aryl)-mercaptoimidazoles  or  one 
imidazo-(2,l-b)-thiazolyl-2-alkyl(aryl)-ketone,  except  in  experiments  when  a  mixture  of  the  first  and  second 
was  obtained 

A  direct  proof  of  the  structure  of  the  synthesized  N-acetyl  compounds  is  extremely  difficult.  The  prob¬ 
lem  is  to  establish  whether  they  have  the  structure  of  4-phenyl(p-nitrophenyl)-  or  of  5-phenyl(p-nitrophenyl)- 
l-acetyl-2-0 -ketoalkyl(aryl)-mercaptoimidazoles.  Reductive  cleavage  of  imidazole  derivatives  with  tin 
chloride  in  hydrochloric  acid  [8,9],  which  is  used  for  verification  of  the  structure  of  1,4-  or  1, 5 -dialky  1(  alkyl - 
aryl,  etc)-substituted  imidazoles,  is  not  easily  realizable  in  the  present  case  because  this  proof  can  only  be 
carried  out  after  preliminary  reduction  of  l-acetyl“4(or  5)-arylimidazoles  to  l-ethyl-4(or  5)-arylimidazoles. 
Since  the  N-acetyl  group  is  easily  saponified  in  acid  and  alkaline  media,  while  the  imidazole  ring  is  readily 
attacked  by  strong  reducing  agents,  it  is  difficult  to  find  a  reagent  and  to  select  the  conditions  that  would  en¬ 
sure  reduction  of  the  acetyl  group  to  ethyl  without  appreciable  hydrolysis  and  cleavage  of  the  imidazole  ring. 

And  even  if  this  could  be  successfully  carried  out,  the  further  proof  of  the  position  of  the  aryl  group  by  the  above- 
mentioned  method  would  meet  with  considerable  experimental  difficulties.  Equally  difficult  would  also  be 
the  direct  proof  of  the  position  of  the  aryl  group  in  2-acyl-3-methyl-5-arylimidazo-(2,l-b)-thiazoles. 

It  was  subsequently  established  beyond  doubt,  by  transformation  of  N-acetyl  derivatives  of  2-fl -ketoalkyl 
(aryl)-mercaptoimidazoles  into  3-methylimidazo-(2,l-b)-thiazolyl-2-alkyl(aryl)-ketones,  that  the  former 
compxrunds  are  l-acetyl-5-phenyl(p-nitrophenyl)-2-g -ketoalkyl(aryl)-mercaptoimidazoles,  while  the  products 
of  their  dehydration  are  2-acyl-3-methyl-5-phenyl(p-nitrophenyl)-imidazo-(2,l-b)-thiazoles.  The  proof  was 
carried  out  for  5-phenyl-  and  5-p-nitrophenyl-l-acetyl-2-acetonylmercaptoimidazoles  (I  and  VIl;  Table  1) 
and  the  derived  imidazo-(2,l-b)-thiazolyl-2-methylketones  (I  and  V;  Table  2).  We  argued  that  if  the 
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N-acetyl  compounds  had  the  structure  of  4-phenyl-  and  4-p-mtrophenyl-l-acetyl-2-acetonylmercaptDimida- 
zoles,  then  after  cleavage  of  a  molecule  of  water  they  should  give  6-phenyl-  and  6-p-nitrophenyl-2-acetyl-3- 
metliylimidazo-(2,l-b)-tliiazoles.  We  obtained  the  latter  compounds  (VI  and  VII;  Table  2)  from  4(5)-phenyl- 
and  4(5)-nitrophenyl-2-mercaptoimidazoles  [10]  and  3-chloro-2,4-pentanedione  [11]  followed  by  cyclization 
of  the  4(5)-phenyl-  and  4(5)-p-nitrophenyl-2-(a  -acetylacetonyl)-mercaptDimidazoles  by  the  usual  methods  — 
in  the  former  case  by  boiling  in  butyl  alcohol-and  in  the  latter  case  by  boiling  in  phosphorus  oxychloride.  In 
these  cases,  as  was  previously  demonstrated  for  analogous  compounds  [1,4,5],  the  phenyl  or  p-nitrophenyl  group 
is  always  attached  in  the  6-position  of  the  imidazo-(2,l-b)-thiazole  bicycle.  One  of  these  compounds  -  2- 
acetyl-3-methyl-6-p-nitrophenylimidazo-(2,l-b)-thiazole  (VI;  Table  2)-  was  also  obtained  by  reverse  syn¬ 
thesis  (which  confirms  its  structure)  from  4-methyl-5-acetyl-2-aminothiazole  [12]  and  a  -bromo-p-nitroacet- 
ophenone.  The  reaction  did  not  go  with  a  -bromoacetophenone,  just  as  in  the  case  of  4-phenyl-2-aminodiia- 
zole  [4],  and  2-acetyI-3-methyl-6-phenylimidazo-(2,l-b)-thiazole  could  not  be  synthesized  by  this  method. 


The  prepared  6-phenyl-  and  6-p-nitrophenyl-2-acetyl-3-methylimidazo-(2,l-b)-thiazoles  (VI  and  vn. 
Table  2)  were  found  to  be  not  identical  with  the  isomeric  compounds  (I  and  V;  Table  2)  synthesized  from  4(5)- 
phenyl-  and  4(5)-p-nitrophenyl-2-acetonylmercaptoimidazoles  through  their  Nracetyl  derivatives. 

It  follows  that  compxjunds  prepared  by  dehydration  of  N-acetyl  derivatives  of  phenyl-  and  p-nitrophenyl- 
2-acetDnylmercaptoimidazoles  contain  the  aryl  group  not  in  the  6-  but  in  the  5-position  of  the  imidazo- 
(2,l-b)-thiazole  bicycle,  and  the  corresponding  original  N-acetyl  compounds  are  l-acetyl-5-aryl-2-acetDnyl- 
m  ercap  toim  ida  zoles. 

We  did  not  prove  the  structure  of  other  N-acetyl  derivatives  of  2-|5-ketDalkyl(aryl)-mercaptoimidazoles 
(II-VI;  Table  1)  and  of  the  derived  imidazo-(2,l-b)-thiazolyl-2-alkyl(aryl)-ketones  (II-IV;  Table  2),  but  by 
analogy  we  may  assume  that  the  former  are  l-acetyl-5-phenyl-2-0 -ketoalkyl(aryl)-mercaptDimldazoles  and 
the  latter  are  2-acyl-3-methyl-5-phenylimidazo-(2,l-b)-thiazoles. 

Consequently,  the  action  of  acetic  anhydride  on  2-B-ketoalkyl(aryl)-mercaptoimidazoles  proved  to  be 
interesting  not  only  theoretically  but  also  from  the  practical  aspect,  since  a  new  method  of  preparation  of 
derivatives  of  imidazo-(2,l-b)-thiazole  is  now  avtadlable.  It  is  highly  probable  that  with  die  application 
of  other  carboxylic  acid  anhydrides  or  chlorides  for  acylation,  we  could  prepare  various  N-acyl-2-0-ketDalkyl- 
(aryl)-mercaptDimidazoles,  from  which  in  turn  could  be  derived  imidazo-(2,l-b)-thiazoles  widi  a  diversity  of 
substituents  in  the  2-,  3-,  5-  and  6-positions. 

Theoretical  interest  is  attached  not  only  to  the  unusual  mediod  of  closure  of  the  thiazole  ring  but  also 
to  the  reaction  of  acetylation  of  4(5)-aryl-2-mercapto-substituted  imidazoles,  leading  to  formation  of  1-acetyl- 
5-aryl  Isomers,  whereas  in  the  alkylation  of  4<5)-aryl(or  alkyl)-lmidazoles  [9,13,14]  and  4(5)-aryl-2-aU{ylmer- 
captoimidazoles  [15]  the  sole  or  the  predominating  products  are  l-alkyl-4-aryl(alkyl)-lsomers.  Thus,  the 


3247 


directive  influence  of  aryl  (and  possibly  also  of  alkyl)  radicals  in  the  acetylation  of  4(5)-substituted  imidazoles 
is  not  identical  witii  tlie  influence  of  these  radicals  during  alkylation.  In  the  light  of  these  facts  it  is  highly 
probable  that  die  compound  obtained  by  Ochiai  f2]  is  not  2-acetyl-3,6-dimethyl-5-carbethoxyimidazo-(2,l-b)- 
thiazole  but  2-acetyl-3,5-dimethyl-6-carbethoxytmidazo-(2  J.-b)-thiazole  ,  while  the  compound  prepared  by 
Bojer  and  Straw  [16]  is  not  l-acetyl-2-benzoyl-4-phenylimidazole  but  l-acetyl-2-benzoyl-5-phenylimidazole. 

Some  of  the  compounds  that  we  syntiiesized  (II,  III  and  VI,  Table  I, and  HI  and  IV,  Table  2)  were  tested 
for  antibacterial  activity  (range  of  16  varieties  of  organisms).*  They  were  found  to  be  almost  entirely  devoid 
of  antimicrobial  activity. 

We  are  extremely  grateful  to  M.  N.  Shchukina  for  making  it  possible  to  carry  out  this  investigation. 

EXPERIMENTAL 

l-Acetyl-5-phenyl-2-acetonylmercaptoimidazole.  (I,  Table  1).  A  mixture  of  1.25  g  4(5)-phenyl-2- 
acetonylmercaptoimidazole  and  6  ml  acetic  anhydride  was  boiled  for  5-7  minutes,  after  which  the  solution 
was  cooled  and  the  precipitate  was  filtered,  washed  with  ether  and  dried.  Yield  1.21  g  with  m.p.  157-158*. 

By  evaporating  the  mother  liquor  to  dryness  and  washing  the  crystals  with  ether,  we  obtained  a  further  0.2  g  of 
the  subsunce  with  m.p.  156-157*.  Total  yield  1.41  g  (9670).  Colorless  needles  (from  alcohol)  with  m.p.  158- 
159*,  soluble  in  most  organic  solvents  and  in  solutions  of  mineral  acids,  difficultly  soluble  in  carbon  tetrachlo¬ 
ride,  insoluble  in  ether,  gasoline,  water  and  caustic  alkali  solution. 

The  same  method  was  used  for  the  preparation  from  4(5)-phenyl-2-(a -methylacetonyl)-mercaptoimida- 
zole  (30  minutes’  boiling),  4(5)-phenyl-2-phenacylmercaptoimidazole  (30  minutes’  boiling),  4(5)-phenyl-2- 
m-nitrophenacylmercaptoimidazole  (3-5  minutes’  boiling),  4(5)-phenyl-2-(2’  -cyclohexanoyl)-mercaptoimida- 
zole  (30  minutes’  boiling)  and  4(5)-p-nitrophenyl-2-acetonylmercaptoimidazole  (4-5  minutes’  boiling)  of  re¬ 
spectively  (H),  (HI),  (V),  (VI)  and  (VH)  (Table  1). 

1- Acetyl-5-phenyl-2-p-nitrophenacylmercapto imidazole  (IV,  Table  1).  a)  A  mixture  of  0.7  g  4(5)- 
phenyl-2-p-nitrophenacylmercaptoimidazole  and  15  ml  acetic  anhydride  was  heated  on  a  boiling  water  bath 
for  8-10  minutes,  after  which  the  solution  was  cooled,  the  acetic  anhydride  was  taken  off  in  vacuum,  and  the 
residue  was  washed  with  ether  and  dried.  Yield  0.6  g  (76  7°)  of  substance  with  m.p.  154- 158*; recrystallization 
from  alcohol  gave  yellow  needles  with  m.p.  169-170*,  soluble  in  most  organic  solvents,  insoluble  in  water. 

A  mixture  with  the  original  substance  (m.p.  155*)  melted  at  169-170*. 

b)  A  solution  of  3.7  g  4(5)-phenyl-2-p-nitrophenacylmercaptoimidazolein  26  ml  acetic  anhydride  was 
boiled  for  5-7  minutes,  after  which  the  acetic  anhydride  was  distilled  off  in  vacuum;  the  viscous  residue  in  the 
flask  crystallized  on  washing  with  acetone;  it  was  filtered  and  dried.  Yield  1,4  g  substance  with  m.p.  152-155*; 
recrystallization  from  alcohol  gave  l-acetyl-5-phenyl-2-p'nitrophenacylmercaptomidazole;  m.p,  169-170*. 
A  mixed  specimen  with  the  substance  obuined  in  experiment(a)  melted  at  169-170°. 

An  alcoholic  solution  of  hydrogen  chloride  was  added  to  the  acetone  mother  liquor  after  separation  of  the 
l-acetyl-5-phenyl-2-p-nitrophenacylmercaptoimidazole;  the  resultant  precipitate  was  filtered  and  dried.  Yield 
0,6  g  2-p-nitrobenzoyl-3-methyl-5-phenylimidazo-(2,l-b)-thiazole  (III,  Table  2);  recrystallization  from  alco¬ 
hol  gave  yellow  needles  with  m.p,  190*,  soluble  in  organic  solvents,  insoluble  in  water.  From  a  hot  alcoholic 
solution  of  hydrogen  chloride,  this  compound  separates  in  the  form  of  the  base  with  m.p,  190*.  A  mixture  with 
l-acetyl-5-phenyl-2-p-nitrophenacylmercaptoimidazole  (m.p.  169- 170*)  melted  at  160-163*. 

2- Acetyl-3-methyl-5-phenylimidazo-(2,l-b)-thiazole  (I,  Table  2).  a)  A  mixture  of  0.8  g  l-acetyl-5- 
phenyl-2-acetDnylmercaptoimidazole  (I,  Table  2),  0.8  g  anhydrous  sodium  acetate  and  4.5  ml  acetic  anhydride 
was  boiled  for  30  minutes,  after  which  the  acetic  anhydride  was  taken  off  in  vacuum.  The  residue,  which  crys¬ 
tallized  on  cooUng,  was  washed  with  water  and  dried.  Yield  0.74  g  (98.67o)  of  substance  with  m.p.  129-138°; 
recrystallization  from  alcohol  gave  colorless  needles  with  m.p.  150-15T,  soluble  in  most  organic  solvents  and 
in  hydrochloric  acid,  sparingly  soluble  in  ether,  insoluble  in  ligroin,.  water  and  caustic  alkali  solution.  A 
mixture  widi  the  original  subsunce  (m.p.  158-159°)  melted  at  118-120*.  The  same  method  was  applied  to  the 
preparation  of  n  (Table  2)  from  III  (Table  1)  but  with  the  difference  that  after  the  acetic  anhydride  had  been 
distilled  off,  extraction  of  (II)  was  effected  with  chloroform  and  die  solution  was  washed  with  water,  dried  with 
poussium  carbonate  and  evaporated  to  dryness  in  vacuum. 

•  Investigations  were  undertaken  by  S.  N.  Milovanova  and  A.  A,  Mikerina  under  the  direction  of  G.  N,  Pershin. 
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b)  A  mixture  of  1.55  g  4(5)-phenyl-2-acetonylmercaptDimidazole,  1.55  g  anhydrous  sodium  acetate  and 
9  ml  acetic  anhydride  was  boiled  for  30  minutes,  after  which  the  mixture  was  cooled  and  the  precipitate  was 
filtered,  washed  with  a  little  Qtli«r  and  suspended  in  water.  The  insoluble  precipiute  was  filtered,  washed  with 
water  and  dried.  Yield  1,2  g  substance  with  m.p.  143-145*.  Evaporation  of  the  acetic-ethereal  mother  liquor 
gave  a  further  0.45  g  of  tliis  subsunce  with  m.p,  140-144*.  Total  yield  1.65  g  Colorless  needles  (from 

alcohol)  with  m.p.  150-151".  A  mixture  with  the  substance  prepared  by  method  (a)melted  at  150-151*. 

The  same  method  was  applied  to  the  preparation  of  (V,  Table  2)  from  4(5)-p-nitrophenyl-2-acetonylmer- 
captoimidazole;  the  product  had  m.p,  186- 18T.  A  mixture  of  (V)  with  (VH,  Table  1)  (m.p.  182-183*)  melted 
at  146-152*. 

2-m-Nitrd7enzoyl-3-methyl-5-phenylimidazo-(2,l-b)-thiazole  (IV,  Table  2),  A  mixture  of  1  g  4(5)- 
phenyl-2-m-nitrophenacylmercaptoimidazole  and  5  ml  acetic  anhydride  was  boiled  for  30  minutes,  after  which 
the  solution  was  cooled  and  the  precipitate  was  filtered,  washed  with  ether  and  dried.  Yield  0.6  g  substance 
with  m.p.  143-144*.  An  additional  0.35  g  of  this  substance  was  obtained  by  evaporating  the  mother  liquor  to 
dryness  and  washing  the  residue  with  ether.  Total  yield  0.95  g  (89.270).  Yellow  plates  (from  alcohol)  with  m.p. 
144-145",  soluble  in  mostorganic  solvents  and  in  mineral  acid  solutions,  insoluble  in  ether,  water  and  caustic 
alkali  solution.  A  mixture  with  (V,  Table  1)  (m.p.  161-162")  melted  at  125-129". 

The  same  method  was  used  for  preparation  of  (III,  Table  2)  from  4(5)-phenyl-2-p-nitrophenacylmercap- 
toimidazole  (boiling  for  2  hours). 

4(5)-Phenyl-2-(a  -acetylacetonyl)-mercaptoimidazole.  To  a  solution  of  5  g  4(5)-phenyl-2-mercaptoimi- 
dazole  in  75  ml  alcohol  was  added  3.85  g  3-chloro-2,4-pentanedione  and  the  mixture  was  boiled  for  15  minutes, 
after  which  the  solution  was  evaporated  to  dryness  in  vacuum  and  the  crystalline  residue  v/as  washed  with  ether 
and  dried.  Yield  8.75  g  (99.27o)  of  hydrochloride  (m.p.  148-151"  with  decomp.)  from  which,  in  aqueous  solu¬ 
tion,  the  base  —  4(5)-phenyl-2-(a  -acetylacetonyl)-mercaptoimidazole  —  was  obtained  by  addition  of  sodium 
acetate.  Colorless  crystals  with  a  pink  tinge  from  alcohol,  acetone  or  ethyl  acetate,  m.p,  135-136",  soluble  in 
organic  solvents  and  mineral  acids,  insoluble  in  water  and  caustic  alkali  solution. 

Found  7o:  C  61.50;  H  5.35;  N  10.12;  S  11.51.  C^HuOzNaS.  Calculated  7«  C  61.27;  H  5.15;  N  10.22; 

S  11.69. 

4(5)-p-Ni  trophenyl-2-(a  -acetylacetonyl)-mercaptoimidazole.  5.4  g  4(5)-p-nitrophenyl-2-mercaptoimi- 
dazole  and  3.4  g  3-chloro-2,4-pentanedione  were  added  to  a  solution  prepared  from  0.56  g  metallic  sodium 
and  75  ml  alcohol,  and  the  mixture  was  boiled  for  about  an  hour.  The  solution  was  filtered  from  sodium  chlo¬ 
ride,  and  cooled,  and  the  precipitate  was  filtered  and  dried.  Yield  2.2  g  substance  with  m.p.  142-144".  Eva¬ 
poration  of  the  mother  liquor  to  dryness  and  washing  of  the  crystals  with  a  little  ether  gave  a  further  5.1  g  of 
the  substance.  Total  yield  7.8  g  (917o).  Yellow  crystals  from  ethyl  acetate,  m.p.  144-145",  soluble  in  most 
organic  S’OlventSAnsoluble  in  ether,  water  and  caustic  alkali  solution. 

Found  7o:  C  52.68;  H  4,27;  N  13.40;  S  10.05.  C14H13O4N3S.  Calculated  Ts  C  52.64;  H  4.10;  N  13.17; 

S  10.04. 

2-Acetyl-3-methyl-6-phenylimidazo-(2,l-b)-thiazole  (VI,  Table  2).  A  solution  of  2  g  4(5)-phenyl-2- 
(a  -acetylacetonyl)-mercaptoimidazole  hydrochloride  in  10  ml  butyl  alcohol  was  boiled  for  an  hour.  The  solu¬ 
tion  was  cooled  and  the  cr)rstalline  precipitate  filtered,  washed  with  a  little  acetone  and  then  with  ether  and 
dried.  Yield  1.4  g  (74.57o)  of  hydrochloride  (m.p.  232-234*)  from  which  (in  aqueous  solution)  the  base  -  2- 
acetyl-3-methyl-6-phenyl-imidazo-(2,l-b)-thiazole  -  was  isolated  by  addition  of  sodium  aceute.  Colorless 
rectangular  plates  (from  alcohol)  with  m.p.  203-203.5*.  A  mixture  with  2-acetyl-3-methyl-5-phenylimidazo- 
(2,l-b)-thiazole  (I,  Table  2)  (m.p.  150-151")  melted  at  125-128". 

2-Acetyl-3-methyl-6-p-nitrophenylimidazo-(2,l-b)-thiazole  (Vn,  Table  2).  a)  A  solution  of  2.7  g  4“ 
(5)-p-nitrophenyl-2-(a-acetylacetonyl)-mercaptoimidazole  in  40  ml  phosphorus  oxychloride  was  boiled  for 
30  minutes,  after  which  the  phosphorus  oxychloride  was  distilled  off  in  vacuum;  water  was  added  to  the  residue^ 
followed  by  sodium  bicarbonate  solution  until  alkaline.  The  precipitate  was  filtered,  washed  with  water  and 
dried.  Yield  2.5  g^(987i>)  2-acetyl-3-methyl-6-p-nitxophenylimidazo-(2,l-b)-thiazole.  Yellow  prisms  (from 


glacial  acedc  acid)  with  m.p.  281-281.5*,  soluble  in  alcohol  and  other  organic  solvents,  sparingly  soluble  in 
edier,  insoluble  in  water  and  caustic  alkali  solution. 

b)  To  a  hot  solution  of  1.9  g  4-mcthyl-5-acctyl-2-amlnothiazole  In  250  ml  alcohol  was  added  3  g  of 
a  -bcomo-p-nitroacetophenone,  and  the  mixture  was  boiled  for  2  hours.  The  alcohol  was  then  evaporated  off 
and  to  the  residue  was  added  25  ml  glacial  acetic  acid,  after  which  the  solution  was  heated  at  the  boil  for  an 
hour;  it  was  tfien  cooled,  diluted  with  25  ml  acetone  and  cooled  at  -10*.  The  yellow  precipitate  was  filtered  off, 
washed  with  acetone  and  dried.  Anodier  small  quantity  of  this  substance  was  obtained  by  evaporation  of  the 
mother  liquor.  Yield  2.45  g  (67<7o)  of  2-acetyl-3-methyl-6-p-nitrophenyl-imidazo-(2,l-b)-thiazole;  recrystal¬ 
lization  from  glacial  acetic  acid  with  additon  of  a  little  sodium  acetate  gave  yellow  prisms  with  m.p.  281- 
281.5*.  A  mixture  witfi  the  substance  prepared  by  method  (a)  melted  at  281-281.5*. 

SUMMARY 

1.  The  action  of  acetic  anhydride  on  4(5)-phenyl-  and  4{5)-p-niaophenyl-2-fl  -ketoalkyl(aryl)-mercap- 
toimidazoles  was  studied. 

2.  A  series  of  l-acetyl-5-phenyl(p-nltrophenyl)-2-8  -ketoalkyl(aryl)-  mercaptoimidazoles  was  prepared 
and  dieir  structure  established. 

3.  A  series  of  3-methyl-5-phenyl(p-nitrophenyl)-  and  3-methyl-6-phenyl(p-nitrophenyl)-lmidazo-(2,l-b)- 
thia2olyl-2-alkyl(aryl)-ketones  was  synthesized  and  their  structure  established. 
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SYNTHESIS  WITH  THE  HELP  OF  ACRYLONITRILE 
XXIX.  THE  CYANOETHYLATION  OF  SOME  KETONES 

A.  P.  Terentyev,  A.  N.  Kost,  Yu.  V.  Saltykova  and  V.  V.  Ershov 


Several  papers  have  been  published  [1-3]  on  the  monocyanoethylation  of  cyclciiexaaQae.  This  reaction  was 
conducted  under  various  conditions,  and  yields  of  cyclohexanone-propionitrile  (1)  varied  between  10  and  47<7o. 
Self-condensation  of  cyclohexanone  can  evidently  also  proceed  under  the  action  of  strong  alkaline  agents  under 
the  conditions  of  cyanoethylation,  with  formation  of  cyclohexenylcyclohexanone  (II)  whose  boiling  point  [4]  is 
the  same  as  that  of  nitrile  (I).  This  precludes  the  separation  of  these  compounds  by  simple  rectification. 

It  was  found  that  unsaturated  ketone  (II)  can  be  identified  in  the  mixture  after  hydrogen  chloride  has  been 
passed  into  the  latter.  The  structure  of  the  resulunt  l’-chlorocyclohexylcyclohexanone-2  (III)  was  confirmed 
by  the  preparation  of  the  same  substance  by  the  action  of  hydrogen  chloride  on  an  authentic  specimen  of  the 
ketone  (II).  Treatment  of  ketone  (HI)  with  hydrazine  hydrate  gave  the  previously  described  [5]  3,4-tetramediyl- 
ene-5,5-penumethylenepyrazoline  (IV),  which  confirmed  the  position  of  the  chlorine  in  ketone  (HI).  Passage 
of  hydrogen  chloride  into  nitrile  (I)  evidently  transformed  it  into  a  cyclic  iminoether,  since  after  treatment  of 
the  reaction  mass  with  water  we  isolated  5,6-tetramethylenedihydropyrone-2  (V),  previously  described  by  R. 

Ya.  Levina,  N.  P.  Shusherina  and  M.  Yu.  Lurye  [6]. 


/\/\ 


(II) 


O 


(III) 


We  applied  this  reaction  to  the  investigation  of  die  influence  of  the  conditions  on  the  degree  of  purity 
of  the  nitrile  (I)  obtained.  It  was  found  that  with  sodium  ethoxide  the  self-condensation  of  cyclohexanone  even 
takes  place  at  7-8“.  In  this  case  nitrile  (I)  contained  about  3%  unsaturated  ketone  (H).  Distillation  of  the  reac¬ 
tion  mass  in  presence  of  traces  of  alcoholate  or  of  sulfuric  acid  (which  was  used  for  neutralization  of  the  alka¬ 
line  agents)  leads  to  a  sharp  increase  in  the  amount  of  ketone  (II),  the  content  of  which  under  these  conditions 
rises ’to  35-40%.  The  crotonic  condensation  does  not  go  when  cyanoethylation  is  conducted  with  Rodionov  catal¬ 
yst  (this  was  confirmed  by  a  blank  experiment  —  heating  of  cyclohexanone  with  diis  catalyst),  but  the  formation 
of  appreciable  amounts  of  di-  and  tetracyanoethylated  cyclohexanone  was  observed. 

Consequently,  when  carrying  out  the  cyanoethylation  of  ketones  in  presence  of  alcoholates  or  caustic  alka¬ 
lies,  we  must  avoid  unnecessary  heating,  thoroughly  neutralize  the  alkali  at  the  end  of  the  reaction,  and  (not 
least)  carefully  wash  out  traces  of  acid  before  distillation  of  the  reaction  mass. 

The  literature  does  not  contain  any  data  for  the  reaction  of  acrylonitrile  with  butyrone.  There  is  merely 
a  report  to  the  effect  that  its  homolog  —  diethyl  ketone  —  adds  on  three  molecules  of  acrylonitrile  [1].  We  found 
the  conditions  in  which  butyrone  adds  on  one  molecule  of  acrylonitrile  to  give  y  -butyrylacrylonitrile.  Similarly 
we  prepared  y  -benzoylvaleronitrile  from  propiophenone.  (Only  the  dicyanoethylation  of  propiophenone  had 
previously  been  described  p.].)  We  synthesized  the  corresponding  acid  amides  by  hydrolysis  of  die  6  -ketonitriles. 
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EXPERIMI- NTA  L 


Cyanoeiliylation  of  cycloliexaiione.  To  g  i-yrloliexaiioiie  in  presence  of  sodium  etfioxide  (from  0.25 
g  sodium  and  3  ml  anhydrous  alcoliol)  was  added  56  g  acrylonitrile  in  1  hour  while  stirring  and  cooling.  The 
reaction  mass  was  stirred  30  minutes  with  cooling  and  2  hours  at  room  temperature,  neutralized  with  dilute 
acetic  acid  and  washed  witli  water  until  neutral,  'fhe  excess  of  cyclohexanone  was  distilled  off  in  vacuum,  and 
cyclohcxanone-propioniirile  (I)  was  isolated  from  the  residue  by  two  distillations;  yield  57  g  (35.5 '/<>). 

B.p.  122-123*  (5  mm),  n®  1.4790.  Literature  data  [3]:  b.p.  125*  (5  mm),  n®  1.4745. 

Passage  of  dry  hydrogen  chloride  through  15  g  of  the  prepared  nitrile  (I)  in  absolute  either  yielded  0.5  g 
l-chlorocyclohexylcyclohexanone-2  (111)  with  m.p.  41-43“ .  Literature  data  [7]:  m.p.  41-43“.  This  yield  is 
equivalent  to  about  3'7oof  unsaturated  ketone  in  the  original  nitrile  (I).  After  separation  of  the  crystals  and 
washing  with  water.  5,6-tetramethylenedihydropyrone-2  (V)  was  isolated  from  the  residue;  yield  7.6  g. 

B.p.  117-118*(8  mm),  1.5057.  Uterature  data  [6] :  b.p.  117-118“  (5  mm),  n“  1.5050. 

The  content  of  ketone  (II)  in  nitrile  (I)  rose  to  387o  when  cyanoethylation  was  performed  at  a  higher  tem¬ 
perature  (11-15*),  neutralization  was  effected  with  dilute  sulfuric  acid  and  the  excess  of  cyclohexanone  was 
distilled  off  at  atmospheric  pressure. 

490  g  cyclohexanone  was  reacted  with  53  g  acrylonitrile  in  presence  of  13  ml  Rodionov  catalyst  (30  min¬ 
utes  at  60*  and  then  1  hour  at  40“)  and  the  mixture  was  then  neutralized  with  2  N  hydrochloric  acid  and  washed 
witfi  water  after  removal  of  the  cyclohexanone  in  vacuum.  Yield  13  g  (167o)  of  2,2,6,6-tetracyanoethylcyclo- 
hexanone,  m.p.  164“  (from  acetone  [3]).  From  the  residual  oil,  after  vacuum  distillation,  was  obtained  34  g 
(257o)  of  nitrile  (1)  with  b.p.  128-130*  (7-8  mm)  and  33  g  (35%)  2, 2- dicyanoethyl cyclohexanone  with  b.p.  241- 
242*  (10  mm),  m.p.  68“  (from  benzene)[3]. 

l-Cyclohexenylcyclohexanone-2  (II)  was  obtained  by  condensation  of  cyclohexanone  by  Mlesiva's  method 
[4].  Yield  35%. 

B.p.  143*  (17  mm),  n^®  1.5048,  df  1.0029,  MR  52.76;  Calc.  52. 76. Literature  data  [8];  b.p.  143-145* 
(16  mm),  n“  1.5049,  df  P.OOl.  ° 

l*-Chlorocyclohexylcyclohexanone-2  (III).  15  g  ketone  (11)  was  saturated  while  cooling  with  dry  hydro¬ 
gen  chloride  until  the  reaction  mass  had  solidified  completely.  The  crystals  were  washed  with  water  and  re¬ 
crystallized  from  anhydrous  alcohol.  Yield  12  g  (66%)  of  compound  with  m.p.  41*.  Literature  data  [7]:  m.p. 
41-43*.  It  does  pot  give  a  depression  of  melting  point  in  admixture  with  chloroketone  (HI)  prepared  in  the  syn¬ 
thesis  of  nitrile  (I). 

A  solution  of  9  g  chloroketone  (III)  in  25  ml  anhydrous  alcohol  was  added  to  5  g  hydrazine  hydrate.  The 
mixture  was  boiled  2  hours.  The  pyrazoline  (IV)  was  salted  out  with  solid  caustic  alkali  and  distilled.  Yield 
3  g  (37%). 

B.p.  149-150*  (10  mm),  m.p.  61*.  Literature  data  [5]:  b.p.  164-166*  (15  mm),  m.p.  62*. 

y -Butyrylcapronitrile.  To  200  g  butyrone  was  added  sodium  ethoxide  (from  0.4  g  sodium  in  10  ml 
alcohol)  and,  with  continuous  stirring,  dropwise  addition  was  made  in  the  course  of  2^/^  hours  of  46  g  acryl¬ 
onitrile.  The  mixture,  which  turned  yellow,  was  then  heated  on  a  water  bath  at  50-60*  for  another  3  hours 
(without  stopping  the  stirrer),  left  overnight,  carefully  neutralized  with  2  N  sulfuric  acid  (the  minute  precipi¬ 
tate  formed  during  the  reaction  disappeared  at  this  suge  and  the  mixture  became  colorless)  and  washed  4-5 
times  with  water.  After  drying  with  sodium  sulfate,  the  reaction  mass  was  distilled  in  vacuum.  The  original 
butyrone  first  came  over  (b.p.  50-60*  at  20  mm),  followed  by  44  g  (31%)  y -butyrylcapronitrile  (VI),  b.p.  130- 
140*  (10  mm).  After  redistillation: 

B.p.  101.5-102*  (4  mm),  n“  1.4455,  df  0.9255,  MR^  48.13;  Calc.  48.22, 

Found  %;  N  8.29,  8.36.  CuHitON,  Calculated  %:  N  8.33. 
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The  residue  in  the  distillation  flask  was  about  30  g  of  viscous  liquid  with  b.p,  160  to  220*  at  1  mm. 
Fractional  distillation  in  vacuum  yielded  6,4  g  of  a  fraction  corresponding  to  y-ethyl-y*4>utyrylpimelonitrile. 

B.p.  209-210!  (1  mm),  n§  1.4779,  df  1.0013,  58,88;  Calc.  59.46. 

y-Butyrylcaproic  acid.  A  mixture  of  5  g  nitrile  and  50  ml  concentrated  hydrochloric  acid  was  refluxed 
for  30  hours.  After  cooling,  excess  caustic  alkali  was  added  and  extraction  was  effected  with  ether;  the  aqueous 
layer  was  then  again  acidified  with  hydrochloric  acid  and  extracted  with  ether.  The  ether  layer  was  washed 
with  water  and  dried  with  sodium  sulfate;  the  ether  was  driven  off  and  the  residue  distilled  in  a  nitrogen  stream 
to  give  3.7  g  (66%)  acid,  b.p.  164-165*  (7  mm),  ng  1.4486,  d?  1.0125;  MR^  49.83;  Calc.  49.92. 

Found  %;  C  64.27,  64.36;  H  9.81.  9.93.  CioHtjOj.  Calculated  %  C  64.48;  H  9.74. 

y -Benzoylvalero nitrile.  Prepared  in  a  similar  manner  to  y -benzoylcapronitrile  [9]  by  the  action  of  10.6 
g  acrylonitrile  on  62.7  g  propiophenone.  Yield  of  y -benzoylvaleronitrile  27  g  (72%). 

B.p.  121-123*  (17  mm),  ng  1.5261,  df  1.0582, MRjj  54.25;  Calc.  53.84. 

Found  %:  C  76.95,  76.97;  H  7.10,  7.27.  CuHjaON.  Calculated  %:  C  76.93;  H  7,04. 

Acidic  hydrolysis  of  10  g  of  this  nitrile  (as  described  above)  gave  8  g  (73%)  of  y-benzoylvaleric  acid. 

B.p.  193*  (2  mm),  ng  1.5310,  df  1.1320,  MRp  56.37;  Calc.  56.56. 

Found  %:  C  69.79,  69.84;  H  6.89.  6.91.  C12H14O3.  Calculated  %;  C  69.88;  H  6.83. 

6  -Ketocapramide.  A  mixture  of  10  g  6-ketocapronitrile  [10],  250  ml  of  3%  solution  of  hydrogen  per¬ 
oxide,  100  ml  ethanol  and  2.5  ml  of  6  N  sodium  hydroxide  was  heated  4  hours  to  50-60*  (with  stirring).  The 
cooled  mixture  was  neutralized  and  evaporated  on  a  water  bath.  The  residue  (a  yellowish  oil)  crystallized 
after  standing  in  a  vacuum  desiccator  for  several  days.  Recrystallization  from  benzene  gave  8.0  g  (69%)  5- 
ketocapramide  with  m.p.  113*.  Literature  dau  [11];  m.p.  114*. 

y,y,y’,y’-Tetramethyl-  6 -ketoazeladiamide(m.p.  143*  from  anhydrous  alcohol)  was  similarly  prepared 
from  2.0g  y,y,y *,y ’-tetramethyl-fi-ketoazeladinitrile  (b.p.  169-170*  at  7  mm;  prepared  in  30%  yield  from 
acrylonitrile  and  diisopropyl  ketone  [12]).  The  yield  of  amide  was  2.1  g  (89%). 

Found  %;  N  10.85,  11,02.  Ci3H2403N2.  Calculated  %;  N  10.93. 

y,y-Dimethyl-y ',y*-pentameihylene-6-ketoazeladinitrile  was  obtained  by  the  action  of  acrylonitrile 
on  cyclohexylisopropyl  ketone.  Yield  22%,  m.p.  63*  (from  alcohol). 

Found  %:  C  73.85,  73.99;  H  9.36,  9.45.  CjjHzPN,.  Calculated  %;  C  73,80;  H  9.29. 

The  corresponding  diamide  could  not  be  isolated  when  an  attempt  was  made  to  hydrolyze  this  dinittile 
with  alkaline  hydrogen  peroxi  de. 


SUMMARY 

A  secondary  process  during  the  cyanoethylation  of  cyclohexanone  is  the  formation  of  cyclohexenylcyclo- 
hexanone.  The  synthesis  of  some  fi-ketoacids  and  their  derivatives  is  described. 
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INVESTIGATIONS  ON  QUINONES 

XII.  THE  REACTION  OF  p-BENZOQUINONE  WITH  ETHYL  ACETOACETATE 
A.  N.  Grinev,  Pan  Bon  Khvar  and  A.  P.  Terentyev 

Condensation  of  p-benzoquinone  with  ethyl  acetoacetate  was  effected  by  Pechmann  [1]  and  leads  to  forma¬ 
tion  of  two  crystalline  compounds  belonging  to  the  benzofuran  and  benzodifuran  classes  [2],  The  structure  of 
the  substituted  benzodifuran  was  proved  by  the  investigations  of  Ikuta  [2].  Graebe  clilimed  diat  this  compound 
was  formed  in  rather  better  yield  by  treating  quinone  with  excess  of  ethyl  acetoacetate  [3].  However,  our  own 
investigations,  partly  published  [4],  showed  that  a  predominant  yield  of  the  benzodifuran  derivative  or  of  the 
benzofuran  derivative  depends  mainly  on  the  concentration  in  the  reaction  mixture  of  the  p-benzoqulnone  which 
oxidizes  the  intermediate  hydroquinone.  Contrary  to  the  view  of  Graebe  [3],  it  is  suggested  that  the  main  pro¬ 
duct  even  with  a  large  excess  of  ethyl  acetoacetate  is  the  benzofuran  derivative.  But  with  increasing  concen¬ 
tration  of  quinone  in  the  reaction  liquid  the  )rield  of  diethyl  ester  of  2,6-dimethylbenzo-(l,2-bs  4.5-b’)-dlfur-- 
ana-3, 7-dicarboxylic  acid  (I)  increases. 


Benzoquinone  reacts  with  ethyl  acetoacetate  with  formation  of  a  carbon-carbon  bond.  This  is  proved  by 
the  formation  of  2-methyl-3-carbethoxy-5-hydroxybenzofuran  (11)  with  m'.p.  13T ,  and  not  2-methyl-3-carb- 
e  thoxy-  0  -hydr  ox  ybenz  ofur  an . 

The  structure  of  (11)  was  confirmed  by  its  transformation  into  2-methyl-5-methoxybenzofuran  (VI).  We 
also  synthesized  the  latter  by  the  classical  method  proposed  by  Claisen  [5]  for  the  preparation  of  2-methyl- 
benzofuran. 
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II 


(VI) 

EXPERIMENTAL 

1.  Condensation  of  p-benzoquinone  with  ethyl  acetoacetate.  35  g  (0.25  mole)  zinc  chloride  was  dis¬ 
solved  in  45  ml  anhydrous  alcohol  by  heating  in  a  flask  fitted  with  a  mechanical  stirrer  and  a  reflux  condenser. 
To  dxe  solution  was  added  65  g  (0.5  mole)  ethyl  acetoacetate,  followed  while  heating  (80-85*)  and  stirring  by 
27  g  (0.25  mole)  quinone  in  portions  at  the  rate  of  approximately  1  g  every  2  minutes.  When  the  whole  of  the 
quinone  had  been  added  (about  1  hour  after  the  start  of  the  reaction),  the  mass  was  stirred  and  heated  for  30 
minutes  at  80-85*.  The  reaction  liquid  solidified  on  cooling.  The  crystals  were  collected  and  dissolved  in 
250  ml  ether.  The  insoluble  residue  was  pure  (I).  Yield  11.2  g,m.p.  184*.  The  ether  was  driven  off  from  the 
ethereal  extract  to  give  21  g  of  (11)  with  m.p.  13T  (from  alcohol).  Alcohol,  zinc  chloride,  hydroquinone  and 
ethyl  acetoacetate  were  removed  from  the  mother  liquor  by  washing  with  water.  A  further  2  g  of  (H)  was  ob¬ 
tained.  Total  yield  of  (H)  23  g. 

Results  and  experimental  conditions  are  presented  in  the  table.  Experiments  were  carried  out  at  80-85*. 
In  experiment  1  the  reaction  mixture  was  heated  45  minutes  after  the  quinone  had  been  added;  in  all  the  other 
experiments  heating  was  for  30  minutes. 


Experiment 

1  number 

1  (Quinone 
(in  moles) 

Ediyl  ace  to- 
acete  (in 
mole) 

1 

Alcohol  (in 
ml) 

n 

Total  period  of 
addition  of 
quinone 

Yield  of  (I) 

Yield  of  (II) 

Total  yield 
(in  % 

L 

(in  g) 

(ln<lfc) 

(in  g) 

(in%) 

g 

min. 

1 

0.2 

0.4 

0.2 

35 

5  min. 

20.4 

61.8 

4.5 

10 

71.8 

2 

0.25 

0.5 

0.25“ 

45 

1 

2 

1  hour 

11.2 

212 

23 

41.8 

69.0 

3 

0.25 

0.5 

0.25 

45 

0.5 

4 

3.5  hours 

10.3 

25.0 

30.3 

55.1 

80.1 

4 

0.25 

0.5 

0.25 

45 

0.25 

5 

9  hours 

4.2 

10.2 

37.3 

67.8 

78 

2.  2-Methyl-3-carboxy-5-hydroxybenzofuran  was  obtained  by  hydrolysis  of  (II)  with  alcholic  alkali. 

The  experiment  was  carried  out  with  15.7  g  (II),  9,6  g  sodium  hydroxide  and  150  ml  alcohol.  The  hydroxy  acid 
was  recrystallized  from  50*70  acetic  acid.  Yield  13.5  g  with  m.p.  above  360"  (with  decomp.). 

3.  2-Methyl-3-carboxy-5-methoxybengofuran.  13.5  g  hydroxy  acid  was  dissolved  in  alkali  (5.7  g  sodium 
hydroxide  in  66  ml  water).  To  the  solution  was  gradually  added  7  ml  dimethyl  sulfate  with  vigorous  shaking, 
followed  during  methylation  by  another  7  ml  dimethyl  sulfate  and  10  ml  dioxane.  The  mixture  was  boiled  30 
minutes.  The  liquid  formed  layers.  11.2  g  sodium  hydroxide  was  added  and  boiling  continued  until  the  liquid 
was  homogeneous.  The  acid  was  separated  by  acidification  with  concentrated  hydrochloric  acid.  Yield  14  g 
with  m.p.  212*  (from  b^o  acetic  acid)  in  agreement  with  the  literature  [6]. 
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4.  2 -Methyl- 5"methoxybenzofuran  (VI).  14  g  methoxy  acid,  pulverized  and  well  mixed  with  10  g  cal¬ 
cium  hydroxide,  was  heated  in  a  Wurtz  flask  over  a  bare  flame  for  about  1^4  hours.  The  oily  liquid  that  came 
over  was  extracted  with  ether;  the  ether  extract  was  dried  with  calcium  chloride  and  the  ether  was  driven  off; 
the  residue  was  then  distilled  at  reduced  pressure  to  give  6  g  (54,5‘7o)  of  (VI). 

B.p.  117-118*  for  10  mm,  ng  1.  5674,  df  1.1479,  MR^  46.18;  Calc.  45.40. 

Found  C  74.27,  74.33;  H  6.30,  6.35.  CjoHuOj.  Calculated  %  C  74.04;  H  6.21. 

5.  2-Allyl-4-methoxyacetylphenol  (TV).  Obuined  by  acetylation  of  the  known  [7]  2-allyl-4-methox> 
yphenol  (III)  with  acetic  anhydride  by  the  Claisen  method  [5].  34  g  of  (HI)  was  mixed  with  43  ml  acetic 
anhydride  and  2  drops  concentrated  sulfuric  acid  was  added.  The  mixture  was  heated  on  a  water  bath.  The 
resulwnt  oil  was  dissolved  in  ether,  washed  with  water,  then  with  dilute  caustic  alkali,  and  dried  with  mag¬ 
nesium  sulfate.  Distillation  at  reduced  pressure  gave  32  g  of  (IV). 

B.p.  140-142*  for  10  mm,  ng  1.5178. 

Found  <7o;  C  69.31,  69.28;  H  6.91,  7.11.  CaH^Qs.  Calculated  <^ot  C  69.88;  H  6.84. 

6.  2-Methyl-5-methoxybenzofuran  (VI).  To  a  solution  of  31  g  (TV)  in  45  ml  chloroform  was  gradually 
added  24  g  bromine  in  60  ml  chloroform  while  cooling  and  stirring.  As  soon  as  the  reaction  was  at  an  end, 
the  chloroform  was  distilled  off  in  vacuum.  The  colorless  bromide  (V)  was  mixed  widi  a  saturated  solution 
of  43  g  potassium  hydroxide  in  methyl  alcohol  with  cooling.  The  mixture  was  boiled  30  hours,  the  alcohol 
was  taken  off  and  the  oil  was  extracted  with  ether.  The  ethereal  solution  was  dried  with  calcium  chloride 
and  (VI)  was  distilled  off  at  reduced  pressure.  Held  11  g. 

B.p.  118-120*  for  10  mm,  ng  1.5669. 

Found  ‘7o;  C  74.02,  74.13;  H  6.55,  6.41.  CioHmOj.  Calculated  C  74.04;  H  6.21. 

SUMMARY 

The  reaction  of  ethyl  acetoacetate  with  p-benzoquinone  was  studied.. 

1.  It  was  shown  that  a  predominating  jrield  of  benzofuran  derivative  or  of  benzodifuran  derivative  de¬ 
pends  only  on  the  concentration  of  p-benzoquinone  in  the  reaction  mixture. 

2.  It  was  established  that  this  reaction  leads  to  2-methyl-3-carbetiiioxy-5-hydroxybenzofuran,  The 
structure  of  die  latter  was  confirmed  by  its  transformation  into  2-methyl-5-medtoxybenzofuran  which  was  also 
prepared  by  reverse  synthesis. 

3.  A  mechanism  of  the  reaction  of  ethyl  acetoacetate- with  p-benzoquinone  is  proposed. 
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INVESTIGATIONS  ON  QUINONES 
XIII.  PREPARATION  OF  ENDOE TH YLENENA P HTHOF  URA NS 

A.  N.  Gilnev,  A.  B.  Terentyev  and  A.  P.  Terentyev 


Several  reactions  of  5,8-endoethylene- 1,4-naphthoquinone  (I)  were  described  in  one  of  our  recent  papers 
[1].  This  quinone  differs  from  other  quinones  of  the  dihydronaphdialene  series  in  being  stable  towards  various 
reagents.  I-ts  properties  are  reminiscent  of  those  of  ordinary  p-qid nones.  In  the  present  work  we  succeed  in 
performing  the  reactions  of  (I)  widi  benzoylacetic  ester  and  ace tylace tone.  The  following  were  prepared:  the 
ethyl  ester  of  2-phenyl-6,9-endoethylene-5-hydroxynaphthofuran-3-carboxylic  acid  (II),  2-phenyl-6r8-endoethyl- 
ene-5-hydroxynaphthofuran-3-carboxylic  acid  (III),  2-phenyl-6,9-endoethylene-5-methoxynaphthofuran-3- 
carboxylic  acid  (IV)  and  2-methyl-6,9-endoethylene-5-hydroxy-3-acetylnaphthofuran  (V): 


EXPERIMENTAL 

1.  Ethyl  ester  of  2-phenyl-6,9-endoethyIene-5-hydroxynaphthofufan-3-carboxylic  acid  (11).  To  a  solu¬ 
tion  of  5  g  zinc  chloride  in  6.5  ml  anhydrous  ethyl  alcohol  and  10  ml  benzoylacetic  ester  was  added  7  g  of  (I), 
in  portions, in  the  course  of  3-5  minutes  with  heating  on  the  water  bath  and  stirring;  the  mass  was  then  heated 
for  another  40  minutes  at  80-90*.  Yield  8.3  g  (63%)  of  (II),  m.p.  200-201*  (from  acetic  acid). 

Found  %:  C  76.81,  76.62;  H  5.83,  5.86.  C23H20O4.  Calculated  %:  C  76.60;  H  5.58. 

2.  2-Phenyl-6f9-endoethylene-5-hydroxynaphthofuran-3-carboxylic  acid  (IH).  Acid  III  was  obtained  by 
hydrolysis  of  (H)  with  alcoholic  alkali.  The  experiment  was  carried  out  with  5  g  of  ester  (II),  40  ml  alcoho' 
and  3.5  g  sodium  hydroxide.  Yield  4.5  g  (III),  m.p.  221-222?(from  aqueous  alcohol). 

Found  %:  C  75.95,  75.87;  H  5.54,  5.60.  CaHjgO^.  Calculated  %:  C  75.90;  H  4.85. 

3.  2-Phenyl-6,9-endoethylene-5-metfaoxynapthofuran-3-carboxylic  acid  (IV).  (Ill)  was  methylated 

in  the  usual  manner.  The  experiment  was  carried  out  with  3  g  (HI),  15  ml  2  N  sodium  hydroxide  and  2  ml  di¬ 
methyl  sulfate.  The  excess  of  dimethyl  sulfate  was  decomposed  by  heating  widi  aqueous  alkali.  Yield  2.5  g 
(IV)  with  m.p.  201-202*  (from  acetic  acid). 

Found  fhi  C  76.90,  76.02;  H  5.45,  6.36.  CniiuO^  Calculated  %:  C  76.27;  H  6.23. 
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4.  2-Metliyl-6,9-endoeLiylene-5-hydroxy-3-acet\'liiaphthofuran  (V).  The  reaction  was  carried  out  under 
the  conditions  of  experiment  1,  using  7  g  (I),  14  ml  acetylacetone,  6  g  zinc  chloride  and  8  ml  anhydrous  al¬ 
cohol.  Yield  6.2  g  (V)  (58'7o).  m.p.  274-275*  (from  alcohol). 

Found  C  76L36,  76.20;  H  6.31,  6.20.  CitHuO,.  Calculated  Itt  C  76.10;  H  6.01. 

SUMMARY 

Some  substituted  endoethylenenaphthofurans  were  prepared  by  condensation  of  5,8-endoethylenenaphtho- 
quinone  with  benzoylacedc  ester  and  with  acetylacetone. 

f  TTPD  A  TTIP  F  ri  T  F  D 

[1]  A.  N.  Grinev,  A.  B.  Terentyev  and  A.  P.  Terentyev,  J.  Gen.  Chem.  26,  730  (1956).  '  .  (  T.p.  837  )•■ 
Received  October  10,  1956  Moscow  State  University 
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INVESTIGATIONS  ON  QUINONES 


XIV.  THE  REACTION  OF  p-BENZOQUINONE  WITH  p-NITRO- 
AND  p-BROMOBENZOYLACETIC  ESTERS 

A.  N.  Grinev,  N.  K.  Venevtseva  and  A.  P.  Terentyev 


Like  benzoylacetic  ester,  whose  reaction  with  p-quinones  we  have  already  studied  in  some  detail  [1-4], 
p-nitro-  and  p-bromobenzoylacetic  esters*  enter  into  reaction  with  p-benzoquinone.  The  yield  of  substituted 
benzofurans  and  benzodifurans,  however,  is  considerably  lower  than  in  the  case  of  benzoylacetic  ester,  and  re¬ 
sins  are  formed  that  hinder  the  isolation  of  the  basic  product.  The  following  were  prepared;  diethyl  ester  of 
2,6-di-p-nitrophenylbenzo-(l,2-b;  4,5-b*)-difuran-3,  7-dicarboxylic  acid  (I),  the  ethyl  ester  of  2-p-nitrophenyl- 
5-benzofuran-3-carboxylic  acid  (11),  the  diethyl  ester  of  2,6-di-p-bromophenylbenzo-(l,2-b;  4,5-b’)-difuran-3, 
7-dicarboxylic  acid  (III)  and  the  diethyl  ester  of  2-p-bromophenyl-5-benzofuran-3-carboxyUc  acid  (IV): 
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EXPERIMENTAL 

Condensation  of  p-nitrobenzoylacedc  ester  with  p-benzoquinone.  To  a  solution  of  zinc  chloride  (3,5  g) 
in  anhydrous  alcohol  (4  ml)  was  added  6.2  g  p-nitrobenzoylacetic  ester.  The  solution  obtained  by  heating  to 
80-85*  was  mixed  with  2.8  g  p-benzoquinone  and  heated  at  80-85*  for  40  minutes.  Crystals  began  to  deposit 
from  the  reaction  solution  only  5-10  minutes  after  the  start  of  the  reaction.  The  crystals  were  filtered,  washed 
with  ether  and  then  extracted  with  alcohol  in  an  extractor.  From  the  alcoholic  solution  was  obtained  2.3  g  of 
bright-yellow  crystals  of  (II).  M.p.  208-210*  (from  alcohol). 

Found  %  C  62.47,  62.66;  H  4.36,  4.37.  CiTHigOgN.  Calculated  C  62.38;  H  4.005. 

The  alcohol-insoluble  yellow,  crystalline  residue  was  recrystallized  from  nitrobenzene  to  give  0.9  g  of 
yellow  crystals  of  (I)  with  m.p.  348-350*. 

Found  <7«  C  61.84,  61.96;  H  3.83,  3.91.  CzgHjeOjoNj.  Calculated  C  61.76;  H  3.70. 

•Substituted  benzoylacetic  esters  are  obtained  by  hydrolysis  of  p-nitro-  and  p-bromobenzoylacetnacetic 
esters  [5,  6]. 
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2.  Condensation  of  p-b;ornobsnzoyIacetlc  ester  with  p -benzoquinone.  The  reaction  was  peifortned  under 
conditions  similar  to  those  of  die  prece^ng  experiment,  using  7  g  zinc  chloride,  8  ml  anhydrous  alcohol,  13.15 
g  p-bromobenzoylacedc  ester  and  5.5  g  p-benzoquinone.  The  crystals  formed  in  the  course  of  die  reaction  were 
separated,  washed  with  ether  and  recrysullized  from  dioxane  to  give  0.77  g  white  crystals  of  (HI).  M.p.  300-302*. 

Found  ‘5t;  C  65.30,  55.25;  H  3.53,  3.56.  CaH^OeBr,.  Calculated  C  54.92;  H  3.29. 

The  ediereal  solution  was  dried  over  calcium  chloride  and  the  ether  evaporated.  The  aystals  formed  were 
washed  in  benzene  and  recrystallized  from  dichloroe thane.  Yield  2.9  g  (IV).  M.  p.  170-171*. 

Found  C  56.29,  56.27;  H  3.64,  3.55.  Calculated  C  56.50;  H  3.62. 

SUMMARY 

Condensation  of  p-benzoquinone  with  p-nitro-  and  p-bromobenzoylacedc  esters  leads  to  formadon  of 
derivadves  of  benzofuran  and  benzodifuran. 
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THE  SYNTHESIS  OF  HOMOLOGS  OF  TAURINE  BY  THE  LEUCKART  REACTION 


A.  P.  Terentyev,  V.  M.  Potapov  and  I.  Z.  Semion 


Compounds  of  die  uurlne  series,  i.e.,  various  0-aminosulfonic  acids  of  the  structure  RCHNHjCH|SOjH, 
have  recently  been  attracting  ever  increasing  attention.  A  number  of  taurine  derivatives  have  been  proposed 
as  surface-active  agents  for  die  textile  and  paper  industries  [1].  Datahave  been  published  for  the  antibacterial 
activity  of  uurine  derivatives  [2].  Compounds  of  the  taurine  series  have  also  been  tested  as  components  of 
sulfamide  preparations  [3]. 

Several  methods  have  been  proposed  for  the  preparation  of  taurine  derivatives,  starting  from  hydroxysul- 
fonic  acids  [4],  aminoalcohols  [5],  halosulfonic  acids  [6],  dihalo  compounds  [7],  and  unsaturated  sulfonic  acids 
[8].  Taurine  and  its  homologs  are  formed  by  oxidative  cleavage  of  thiazole  compounds  [9]  and  cystine  [10], 
Preparation  of  taurines  from  nitroketones  [11],  nltrosulfonic  acidsOL2]  and  aldehydosulfonic  acids  [13]  has  also 
been  proposed. 

In  spite  of  the  apparent  diversity  of  possibilities,  a  convenient  preparative  method  has  not  hitherto  been 
available  for  taurine  homologs  because  the  methods  cited  above  either  require  difficullly  accessible  starting 
substances  or  drastic  reaction  conditions  (high  pressures). 

We  carried  out  experiments  on  the  synthesis  of  taurines  by  reductive  amination  of  fl  -ketosulfonic  acids 
by  the  action  of  ammonium  formate  (Leuckart  reaction),  in  the  anticipation  that  the  starting  0  -ketosulfonic 
acids  would  become  readily  accessible  substances,  following  investigations  in  our  laboratory  [14]  and  somewhat 
later  by  Truce  and  Alfieri  [15]  in  Suter’s  laboratory. 
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Surting  substances  were  acetophenone  and  its  homologs  —  4-methylacetophenone  and  2,4-dim ethylace- 
tophenone.  After  converting  these  ketones  into  the  corresponding  :a)-sulfonic  acids  by  the  action  of  dioxane- 
sulfotrioxide,  we  Introduced  the  latter  (as  the  ammonium  or  barium  salts)  into  the  Leuckart  reaction  and  ob¬ 
tained  the  expected  0-aminosulfonic  acids  which  are  aromatic  homologs  of  taurine.  Suitable  reactants,  as  is 
usual  for  Leuckart  reactions,  are  ammonium  formate  or  formamide  or  a  mixture  of  these  obtained  by  the  action 
of  formic  acid  on  ammonium  carbonate.  Good  results  are  also  obtained  when  using  urea  in  admixture  with  an¬ 
hydrous  formic  acid. 


EXPERIMENTAL 

0  -Phenyltaurine,  CgH5CHNH2CH2SC>3H.  Acetophenonesulfonic  acid,  prepared  from  0.4  mole  acetophenone 
and  dioxane-sulfotrioxide  [15],  was  neutralized  with  aqueous  ammonia  and  the  solution  was  evaporated  to  dry¬ 
ness.  The  unpurifled  ammonium  salt  was  mixed  with  1  mole  formamide  and  heated  at  165*  (thermometer  in 
liquid)  in  a  flask  with  a  sloping  condenser  for  6  hours.  After  cooling,  60  ml  alcohol  was  added  to  the  reaction 
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mass  and  the  precipitate  of  ammomum  salt  of  N-formyl-'S-phenyltaurinewas  filtered  off  and  recrystallized  from 
water.  Yield  62.4  %  calculated  on  the  original  acetophenone,  decomp.  p.  231".  The  preparation  is  not  analy¬ 
tically  pure  (analysis  gives  a  slightly  too  high  carbon  content).  Addition  of  7  ml  cone.  HjSO^  to  0.03  mole  of 
ammonium  salt  dissolved  in  23  ml  bol  ling  water  quickly  brought  down  ^-phenyl taurine  which  was  purified  by 
dissolving  in  aqueous  ammonia  and  reprecipitating  with  hydrochloric  or  sulfuric  acid. 

8 -Phenyltaurine  forms  characteristic  hexagonal  plates,  insoluble  in  organic  solvents,  poorly  soluble  in 
hot  water  and  nearly  insoluble  in  cold  water;  the  comp>ound  dissolves  in  caustic  alkalies.  Decomp,  p.  314*  (in 
block). 

Found  C  47.55;  H  5.32;  N  7  11;  S  16.17.  CjHuOgNS.  Calculated  C  47.76;  H  5.51;  N  6.96; 

S  15.92. 

i)eterir.i.nauon  ol  nitrogen  oy  tlie  Van  Slyke  metliod  (micromethod)  showed  that  the  whole  of  the  nitrogen 
is  in  the  primary  amino  group. 

For  final  proof  of  the  structure,  the  prepared  g -phenyltaurine  was  converted  into  the  amide  of  styrene-g- 
sulfonic  acid  by  the  action  of  sodium  nitrite  followed  by  the  action  of  phosphorus  pentachloride  and  ammonia. 

A  mixed  specimen  with  the  compound  obtained  by  sulfonation  of  styrene  followed  by  treatment  with  PClg  and 
NHj  did  not  give  a  depression  of  melting  point. 

The  barium  salt  of  acetophenonesulfonic  acid  can  be  used  in  place  of  the  ammonium  salt  in  the  prepara¬ 
tion  of  B  -phenyluurine,  while  formamide  can  be  replaced  by  ammonium  formate  (5  hours  with  gradual  rise 
of  temperature  to  200").  The  optimum  yield  (64  %  calculated  on  the  original  ketone)  is  obtained  with  a  molar 
ratio  of  ketone-sulfonic  acid  to  formate  of  1:2;  A  large  excess  of  formate  leads  to  lower  yields.  Hydrogen  sul¬ 
fide  comes  off  during  the  reaction  (detected  by  odor),  indicating  partial  destruction  of  the  sulfo  group  during 
the  Leuckart  reaction  and  explaining  the  low  yields. 

B  -(p-Tolyl)-taurine,  p-Ct4CgH4CHNH;CH2S03H.  The  ammonium  salt  of  the  sulfonic  acid,  prepared 
similarly  to  the  above  from  0.125  mole  p-methylacetophenonc,  was  heated  with  0.4  mole  ammonium  formate 
for  2  houn  with  gradual  rise  of  temperature  to  220";  the  product  was  worked  up  as  described  'above.  Yield  29  °lo 
calculated  on  the  original  ketone.  The  properties  of  B -(p-tolyl)-taurine  are  entirely  similar  to  those  of  B-phenyl- 
taurine. 

Decomp.  p.  approx.  347*. 

Found  C  50.50;  H  6.15;  N  6.74.  CgHigOgNS.  Calculated  <70:  C  50.23;  H  6.09;  N  6.51. 

2,4-Dimethylacetopheneone  -  cu-  sulfonic  acid.  Sulfonation  of  0.40  mole  of  2,4-dlmethylacetophenone 
with  a  suspension  of  dioxane-sulfotrioxide  in  dichloroethane  at  5-15*  for  2  hours  led  to  precipitation  of  the  free 
sulfonic  acid  (CH3)2CgH3C0CH2S03H.  Yield  about  SO^o,  decomp.  p.  178-179*  (from  acetone). 

Found  <70:  C  50.80;  H  5.71 .  Equivalent  (titration  against  methyl  orange)  232^igHj2Q|iS  .•  V2  H2O. 

Calculated  <7«  C  50.70;  H  5.49.  M  237.1. 

The  ammonium  salt  decomposes  at  170-171*  (from  water  followed  by  washing  with  methanol  and  ether). 

The  S-benzylthiuronium  salt  has  rn.p.  156*  (from  water). 

fl  -(m-Xylyi)-taurine  (CH3)3CgH3CHNH3CHgS03H.  A  mixmre  of  0.05  mole  of  ammonium  salt  of  2,4-di- 
methylacetophenone-(j-sulfonic  acid  with  6  g  urea  and  15  ml  anhydrous  formic  acid  was  refluxed  for  6  hours 
(the  temperature  was  gradually  raised  from  120  to  150*),  after  which  the  mixture  was  boiled  30  minutes  with 
40  ml  hydrochloric  acid  (1:1).  The  resultant  precipitate  of  B -(ni-xylyl)-taurine  was  purified  via  the  am¬ 
monium  salt.  M.p.  312*.  Yield  of  pure  compound  47 ‘7a 

Found  °la:  C  52.64;  H  6.79;  N  6.36.  CioH,503NS.  Calculated  ‘7o:  C  52.39;  H  6.60;  N  6.11. 
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SUMMARY 


1.  The  Leuckart  reaction  was  extended  to  a  new  class  of  compounds  —  J3 -ketosulfonic  acids. 

2,  6  -Phenyltaurine  and  its  4-niethyl-  and  2,4-dimetliyl-  homologs  were  obtained  from  the  corresponding 
6  -ketosulfonic  acids  by  Leuckart  reductive  amination. 
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SOME  PROPERTIES  OF  ESTERS  OF  p  -  TO  L  UEN  ES  U  LF  ONIC  ACID 
WITH  178 -HYDROXYSTEROIDS 

V.  STUDY  OF  THE  PRODUCTS  OF  DEHYDRATION  OF 
17a -METHYLANDROSTANEDIOL-38 . 17  AND  ITS 
DERIVATIVES 

O.  S.  Madaeva 


Cleavage  of  p-toluenesulfonic  acid  from  the  3-acetate  of  the  17-tosylate  of  A®-androstendlol-3  8 ,178 
gives,  as  was  previously  shown  [1],  a  mixture  of  compounds  with  a  positive  color  reaction  in  the  Kagi  and 
Miescher  test  [12]  which  is  characteristic  of  retro-compounds  of  this  series.  From  such  a  mixture  was  isolated 
only  one  individual  18-nor-derivative  with  m.p,  95-96*  and  containing  a  ditertiary  double  bond.  It  was  of 
interest  to  prepare  an  18-noi -compound  of  the  androstane  series  with  a  secondary- tertiary  double  bond. 

Magrath,  Petrow  et  al.  [3]  showed  that  heating  of  the  ethyl  ester  of  the  3-acetate  of  A5-pregnenedtol-38 , 
17a  -carboxylic  acid-21  (1)  with  anhydrous  formic  acid  leads  to  dehydration  accompanied  by  a  structural  change 
of  the  steroid  skeleton.  On  the  basis  of  the  negative  reaction  with  nitrosodiloride  in  the  Thiele  test  [4],  the 
authors  concluded  that  the  double  bond  formed  in  compound  (H)  has  a  secondary -tertiary  character  and  is  be¬ 
tween  Ci2  and  C13. 
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We  studied  this  reaction  with  reference  to  the  dehydration  of  17a -methylandrostanediol-38  ,17  (IV). 

Heating  of  17a  -methylandrostanediol-38 ,17  (IV)  with  .''8%  formic  acid  gave  compound  (V)  with  m.p.  75.5- 
76.5*,  [a]  ^  41.7*  (c  =  1;  chloroform).  It  gave  a  yellow  color  with  tetranitrom ethane,  a  negative  Thiele  color 
reaction  and  a  positive  result  in  the  Kagi-Miescher  test;  in  elementary  composition  it  corresponded  to  a  pro¬ 
duct  of  dehydration  of  (IV).  Hydrolysis  of  (V)  with  an  aqueous  alcoholic  solution  of  potassium  carbonate  led  to 
the  corresponding  carbinol  (VI)  with  m.p.  132-133*.  Hydrogenation  of  (VI)  in  glacial  acetic  acid  in  presence 
of  reduced  platinum  oxide  gave  the  saturated  compound  (VII)  with  m.  p.  132-133*,  corresponding  in  elementary 
composition  to  176  -methylandrostanol-38  (XIV).  However,  a  mixture  of  compound (VII)  with  compound  (XIV) 
[5],  which  has  the  normal  steroid  skeleton,  exhibited  a  melting  point  depression;  the  mixture  started  to  melt 
at  125*. 

Consequently  (VII)  is  the  isomer  of  (XIV)  with  an  altered  steroid  carbon  skeleton,  thus  demonstrating  that 
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dehydiarioii  of  (IV^)  proceeded  ith  rctropinacoline  rea-'-a  ^cinent.  In  this  case  two  isomers  could  be  formed: 

(V)  with  secondary- tertiary  double  iwnd  13  and  (Va)  with  ditertiary  double  bond  Cja 

For  tlie  purpose  of  conclusive  proof  of  the  position  of  the  double  bond,  compound  (V),  obtained  after  de¬ 
hydration  of  (IV),was  subjected  to  hydroxylation  with  osmium  oxide  in  ethereal  solution.  The  triol  (Mil)  with 
diffuse  m.p.  202*C0T  was  isolated.  It  crystallized  from  acetone  in  two  forms:  needles  and  plates  corresponding 
to  the  isomeric  a. a  -  and  0  ,0  -diols.  They  could  not  be  separated  by  crystallization.  Acetylation  of  the  triol 
with  acetic  anhydride  in  pyridine  at  room  temperature  gave  the  corresponding  diacetate,  one  acetyl  group  of 
which  was  formed  at  the  expense  of  the  secondary  hydroxyl  at  C3;  formation  of  a  second  acetyl  group  indicates 
tliat  of  die  two  hydroxyl  groups  resulting  from  hydroxylation  of  the  double  bond,  one  is  secondary.  Consequently, 
the  secondary  tertiary  nature  of  die  double  bond  of  (V)  was  established  and  in  turn  its  location  between  C12 
and  C13.  The  prepared  3, 12- diacetate  of  18-nor-17,17-dimethylandrostanetriol-30 ,120 ,130  (IX)  has  m.p. 

In  the  course  of  diis  verification  of  the  structure  of  (VII)  we  synthesized  the  acetate  of  17-methylandroa 
$tanol-3fl  [5](XIV)  by  hydrogenation  of  a  mixture  of  the  acetate  of  A^’^*-17-methylandrostadienol-3  0  (XI)  and 
the  acetate  of  17-methylene- A®-androstanol-30  (XII).  The  latter  were  obtained  by  reaction  of  the  3-acetate 
of  17a -methyl- A®-androstenediol-3&  17  (X)  with  phosphorus  oxychloride  [6]. 

EXPERIMENTAL 

17a  -Methylandrostanediol-30 ,17  (IV).  5  g  of  17a  -methyl-  A®  -androstenediol-30 ,17  (III)  was  dissolved 
in  220  ml  glacial  acetic  acid  distilled  over  potassium  permanganate,  and  was  hydrogenated  with  hydrogen  in 
presence  of  platinum  catalyst  (0.6  g  platinum  oxide  previously  reduced  in  60  ml  glacial  acetic  acid).  Hydro¬ 
genation  was  coaupleted  in  2  hours  and  the  amount  of  hydrogen  absorbed  corresponded  to  2  moles.  The  catalyst 
was  filtered  off,  tiie  acetic  anhydride  was  distilled  off  in  vacuum.  Water  was  added  to  the  residue  and  ether 
extraction  was  performed.  The  ether  extract  was  washed  with  water,  with  27o  sodium  bicarbonate  solution  and 
again  with  water;  it  was  then  dried  with  sodium  sulfate.  The  ether  was  driven  off  to  leave  5  g  of  substance  with 
m.p.  204-207*;  it  recrystallized  from  130  ml  ethyl  acetate  in  the  form  of  needles.  Yield  3.8  g  with  m.p.  210- 
21T.  According  to  the  literature  the  melting  point  of  (V)  prepared  from  androstanol-3  0- one-17  is  210-21T 
[5]  or  211-212*  [7]. 

Formate  of  17,  17-dimethyl-18-nor-A^  -androstenol-3fl  (V).  3.8  g  of  (IV)  was  dissolved  in  19  ml  98*70 
formic  acid  and  heated  at  90*  for  5-7  minutes.  The  mixture  was  then  cooled,  poured  into  30  ml  water  and  ex¬ 
tracted  several  times  with  ether.  The  combined  ethereal  extracts  were  washed  With  water,  with  sodium  bicar¬ 
bonate  solution  and  again  with  water  until  neutral.  After  drying  with  sodium  sulfate,  the  ether  was  distilled  off. 
The  residue  (3.75  g)  was  an  oily  substance  which  rapidly  crystallized.  Prisms  (from  methanol)  with  m.p.  75-76.5*, 
[a  -41.7*  (c  =  1;  chloroform). 

Found  <7o:  C  79.79;  H  10.19.  C21H32O2.  Calculated  <70:  C  79.68;  H  10.19. 

17.17- Dimethyl- 18- nor- A^  -androstenol-38  (VI).  0.35  g  of  (V)  was  dissolved  in  5  ml  methanol,  an 
aqueous  solution  of  potassium  carbonate  was  added  (0.23  g  in  0.42  ml  water)  and  the  mixture  boiled  for  1  hour 
15  minutes.  A  precipitate  appeared  on  cooling  and  was  filtered  and  washed  with  water  until  neutral  and  then 
dried  in  a  vacuum -desiccator  at  40*.  Yield  0.25  g  with  m.p.  131-133*;  after  recrystallization  from  acetone  the 
m.p.  was  134-135* 

Found  <70:  C  83.42;  H  11.31.  C20H32O.  Calculated  *7°:  C  83.25;  H  11.18. 

17. 17- Dimethyl- 18-nor-androstanol-38  (VII).  0.12  g  (VI)  was  dissolved  in  4  ml  glacial  acetic  acid  and 

exhaustively  hydrogenated  with  hydrogen  in  presence  of  previously  reduced  platinum  oxide  (0.03  g  in  4  ml 
glacial  acetic  acid);  the  calculated  amount  of  hydrogen  was  absorbed  (1  mole).  After  working  up  in  the  usual 
manner  and  distillation  of  the  ether,  0.11  g  of  a  white  crystalline  substance  was  obtained  with  m.p.  126-129*; 
several  recrystallizations  from  aqueous  methanol  gave  needles  with  m.p.  132-133*.  -14.66  (c  =  1; 

chloroform). 

Found  <7o:  C  82.58;  H  11.78.  C29H34O.  Calculated  82.61;  H  11.82. 
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A  mixture  with  17-iTiethyUiidrosraiiol-33  (XIV),  with  rr,,p.  139.5-140*,  gave  a  depression  of  melting  point! 
the  mixture  started  to  melt  at  125*. 

17, 17-Dlmethyl-18-nor-androstanetriol-36 ,12,13  (VIII).  3.11  g  of  (V)  was  dissolved  in  78  ml  anhydrous 
ether,  2.7  g  osmium  anhydride  in  120  ml  anhydrous  ether  was  added  and  the  mixture  was  left  at  15-16*.  A  dark 
precipitate  of  osmium  ester  quickly  commenced  to  come  down.  After  3  days  the  precipitate  was  filtered,  washed 
with  ether  and  boiled  for  2  hours  with  a  solution  of  10  g  sodium  sulfite  in  500  ml  water  and  280  ml  ethyl  alcohol; 
a  precipitate  of  sodium -osmium  sulfite  was  formed  and  was  filtered  off  and  again  boiled  with  5  g  sodium  sulfite 
in  250  ml  water  and  140  ml  alcohol.  This  operation  was  repeated  a  third  time  and  half  the  amount  of  sodium 
sulfite,  water  and  alcohol.  A  dark-colored  precipitate  of  ttie  triol  was  formed  from  the  aqueous  alcoholic  fil¬ 
trates  on  standing  and  after  removal  of  the  alcohol;  the  precipitate  was  filtered  and  washed  twice  with  a  small 
quantity  of  water,  with  saturated  sodium  chloride  solution  and  with  ether,  and  was  then  dried  at  100*.  1.74  g  of 
Uie  product  was  recrystaluzed  irom  meuianol  and  men  irom  acetone  to  give  plates  containing  some  small  needles; 
the  needles  could  not  be  removed  by  recrystallizadon.  M.p.  202-20T. 

Found  <70:0  74.50  .  74.67;  H  10.83,  10.50.  C20H54O3.  Calculated  <7o:  C  74.47;  H  10.63. 

3,12-Diacetate  of  17,  17-dimethyl- 18-nor-androstanetriol-3fl  ,12fl  ,13fl  (IX).  To  0.1  g  of  triol  (VUI),  dis¬ 
solved  in  2  ml  dry  pyridine,  was  added  1  ml  acetic  anhydride;  the  mixture  was  left  for  36  hours  at  room  tem¬ 
perature.  It  was  then  worked  up  in  the  usual  manner  to  give  0.09  g  solid  with  m.p.  182.5-184.5*.  After  recrystal¬ 
lization  from  ethyl  alcohol  and  then  from  ethyl  acetate,  the  m.p.  was  184-184.5*.  The  product  is  poorly  solu¬ 
ble  in  ether.  It  crysullizes  from  ethyl  alcohol  in  the  form  of  small  rods  and  from  ethyl  acetate  in  the  form  of 
hexagonal  prisms. 

Found  C  70.94;  H  9.49.  C24H38O5.  Calculated  °l<r.  C*.70.88;  H  9.42. 

3- Acetate  of  17a  -methyl- -androstenediol-38^17  (X).  2.7  g  of  17a  -methyl  -  A®  -androstenediol-36  , 

17  (III)  was  dissolved  in  11  ml  dry  pyridine;  3  ml  acetic  anhydride  was  added  and  the  mixture  stood  for  48  hours 
at  room  temperature.  The  product  was  worked  up  in  the  usual  manner  to  give  2.97  gof  substance  with  m.p.  168- 
172*,  rising  to  175-176*  after  recrystallization  from  ethyl  acetate;  the  literature  [8]  reports  m.p.  174*. 

Acetate  of  17-methyl-  A^’^  -androstadienol-3Q  (XI)  and  acetate  of  17-methyIene-  A^  -androstenol-3B 
(Xn)  were  obtained  under  the  conditions  of  Julia  and  Heusser  [6].  To  1.33  g  of  (X)  in  12  ml  dry  pyridine  at  -1? 
was  added  in  drops  1  .Smlfreshly  distilled  phosphorus  oxychloride;  a  precipitate  quickly  formed;  the  reaction  mass 
was  left  for  17  hours  at  room  temperature.  After  working  up,  1.13  g  of  substance  with  m.p.  86-94*  was  obtained. 
1.06  gof  the  substance  was  chromatographed  in  gasoline  solution  on  alumina;  from  the  first  portions  of  eluate  was 
obtained  an  oily  residue  which  was  twice  recrystallized  from  aqueous  methanol  to  give  plates  with  m.p.  93-94*. 
From  the  eluate  obtained  by  subsequent  washing  of  the  column  with  a  9:1  mixture  of  gasoline  and  benzene  was 
isolated  0.58  g  of  substance  with  m.p.  114-134*;  several  recrystallizations  from  acetone  gave  rods  with  m.p. 
133-134*. 

Aceute  of  17-methylandrosunol-3B  (Xm).  0.48  g  of  a  mixture  of  the  products  of  dehydration  6f  (XI)  and 
(Xn)  was  dissolved  in  16  ml  glacial  acetic  acid  and  hydrogenated  in  presence  of  previously  reduced  platinum 
oxide  (0.8  g  Pt02in  25  ml  glacial  acetic  acid).  The  theoretical  amount  of  hydrogen  was  absorbed  in  30  minutes. 
After  working  up  in  the  usual  manner,  an  oil  was  obtained  which  crystallized  on  standing.  Yield  0.25  g  with  m.p. 
84-92*.  Recrystallizadon  from  methanol  gave  needles  with  m.p.  94-95*  in  agreement  with  the  literature  [6]. 
[alp**  -8.181  (c  =  1;  chloroform). 

17-  Methylandrostanol-3e  (XIV).  0.15  g  of  (XHI)  was  dissolved  in  2.5  ml  methanol  and  boiled  with 
a  solution  of  0.2  g  potassium  carbonate  in  1  ml  water  for  1  hour  15  minutes.  Yield  0.13  g  needles  with  m.p. 
137-139.5  *,  rising  to  139.5-140*  [6]  after  recrystallization  from  alcohoL 

Found  «loi  C  82.89;  82.92;  H  11.74,  11.92.  C20H34O.  Calculated  %:  C  82.68;  H  11.80. 
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SUMMARY 


1,  Heating  of  the  aceute  of  17a -methylandrostanediol-3fl,17  wi*  98*70  formic  acid  leads  to  dehydra¬ 
tion  with  pinacoline  rearrangement. 

2.  17,17-Dimethyl-18-nor-  A®  -androstenol-^  (V)  and  its  derivatives  were  prepared  and  the  structure 
of  (V)  was  established. 
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